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AbsTrACT
background the clinical phenotype of CDH1 
pathogenic variant carriers has mostly been studied in 
families that fulfil criteria of hereditary diffuse gastric 
cancer (HDgc). We aimed at determining cancer 
phenotype and cancer risk estimation among families 
with CDH1 pathogenic variants not selected by HDgc 
clinical criteria.
Methods Patients were all consecutively identified 
CDH1 pathogenic variant carriers from a clinical 
laboratory tested with multigene panel testing and 
from an academic cancer genetics programme. clinical 
and demographic features, cancer phenotypes and 
genotype–phenotype correlations were determined 
among CDH1 families. age- specific cumulative cancer 
risks (penetrance) were calculated based on 38 families 
with available pedigrees.
results Within the 113 CDH1 pathogenic variant 
probands and 476 relatives, 113 had gastric cancer, 
177 breast cancer and 196 other cancers. Mean age at 
diagnosis was 47 for gastric and 54 for breast cancer. 
Forty- six per cent fulfilled criteria of HDgc. While 36% of 
families had both gastric and breast cancers, 36% had 
breast but no gastric cancers and 16% had gastric but 
not breast cancers. cumulative risk of cancer by age 80 
was 37.2% for gastric and 42.9% for breast cancer.
Conclusion in unselected CDH1 pathogenic variant 
carrier families, gastric cancer risks were lower and age 
at diagnosis higher than previously reported in families 
pre- selected for HDgc criteria. a substantial proportion 
of families did not present with any gastric cancers 
and their cancers were limited to breast. thus, clinical 
criteria for CDH1 testing should be widened, including 
breast cancer families only, and a consideration for 
delayed prophylactic gastrectomy/surveillance should be 
evaluated.

InTroduCTIon
Heterozygous germline variants in CDH1 have 
been involved as a cause of the hereditary diffuse 
gastric cancer syndrome (HDGC).1–3 The CDH1 
gene encodes for E- cadherin, a cell–cell adhesion 
protein, vital to maintaining the integrity of cells 
and cohesion of tissues. Disruption of these junc-
tions plays an important part in tumourigenesis.4 
The lifetime risk of gastric cancer among CDH1 
pathogenic variant carriers has been reported to be 

between 56% and 83% for women and 40% and 
70% for men.5 6 Additionally, the risk of lobular 
breast cancer (LBC) among female carriers has been 
reported to be between 39% and 42%.5 6 Mean age 
at diagnosis has been reported at 40 (range, 14–85) 
for gastric cancers and 53 (range, 39–64) for breast 
cancers.6 In view of these high cancer risks and 
early age of onset, prophylactic total gastrectomy 
is recommended for CDH1 pathogenic variant 
carriers between the ages of 18 and 40 years.7 8 For 
patients who choose not to undergo prophylactic 
gastrectomy, surveillance recommendations include 
endoscopy every 6–12 months with a minimum of 
30 random biopsies with five taken from six estab-
lished anatomical zones.7 9 Recent data suggest that 
following this careful approach, up to 60% of early 
lesions could be detected in asymptomatic carriers.10 
However, early detection remains challenging given 
the multifocal and diffuse nature of this malignancy, 
which may not be visualised macroscopically.11 
Conversely, surveillance recommendations for LBC 
endorse annual mammogram starting at age 30 
years with consideration of both breast MRI with 
contrast and tomosynthesis.12 There is currently 
insufficient evidence for the role of mastectomy 
in CDH1 pathogenic variant carriers,12 but some 
experts suggest that prophylactic breast surgery can 
be offered in selected cases.13

An important limitation is that gastric and 
breast cancer risks have been described, for the 
most part, analysing a limited number of fami-
lies highly enriched with gastric cancers, as they 
were pre- selected according to clinical criteria of 
HDGC.14 These criteria were recently broadened 
and they include (taking into account first- degree 
and second- degree relatives) (1) families with two 
or more patients with gastric cancer at any age, 
one confirmed DGC; (2) individuals with DGC 
before the age of 40; and (3) families with diag-
noses of both DGC and LBC (one diagnosis before 
the age of 50). Additionally, CDH1 testing could 
be considered in patients with bilateral or familial 
LBC before the age of 50, patients with DGC and 
cleft lip/palate, and those with precursor lesions 
for signet ring cell carcinoma.8 Nevertheless, it is 
unclear if the same cancer risks apply to all CDH1 
pathogenic variant carriers, regardless of cancer 
incidence in the family. This is becoming increas-
ingly relevant since the generalisation of multigene 
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Table 1 Demographic and clinical features of the probands

Probands 
with 
gastric 
cancer 
n=30*

Probands 
with 
breast 
cancer 
n=54*

Probands 
with 
other 
cancers 
n=7

Probands 
with no 
cancer 
n=25

Average age at testing (SD) 45 (17) 54 (12) 46 (14) 46 (15)

Female 22 54 6 15

Ethnicity

  Caucasian 20 38 4 17

  African American 1 6 1 3

  Hispanic 7 2 1 2

  Ashkenazi Jew 2 1 2

  Asian 2

  Other 1

  Unknown 5 1

Average age at diagnosis (SD) 42 (16) 50 (12) 41 (13)

Cancer type

  Lobular breast cancer 26

  Ductal breast cancer 18

  Mixed (lobular and ductal) 3

  Diffuse/signet ring cell gastric 
cancer

19

  Adenocarcinoma 2

  Not provided 9 6

  Colorectal 4

  Ovary 1

  Thyroid 1

  Pancreas 1

*The three cases with gastric and breast cancers are included in both categories.

panel testing (MGPT), as more pathogenic CDH1 mutations 
are being identified outside cases strictly fulfilling diagnostic 
criteria for HDGC syndrome.15 In fact, a recent study found that 
up to 65% of CDH1 pathogenic variant carriers do not meet 
HDGC diagnostic criteria for genetic testing.15 Altogether, this 
has prompted some experts to be cautious about recommending 
prophylactic gastrectomy for patients with a known pathogenic 
CDH1 variant but without a personal or family history of DGC 
or LBC.

This study aims to describe the phenotypic spectrum and 
assess gastric and breast cancer risks among a group of CDH1 
pathogenic variant carriers, independent of the indication for 
hereditary cancer genetic testing, thus not previously selected by 
HDGC diagnostic criteria.

MeThods
Patient ascertainment
Probands and their first- degree and second- degree relatives 
included in this study were identified from Ambry Genetics 
and Yale’s Smilow Cancer Genetics and Prevention Program. 
The project was deemed exempt from review for Ambry and 
was approved by Yale’s Institutional Review Board. Ambry's 
proband cohort included all CDH1 pathogenic variant carriers 
(n=105) identified through MGPT from March 2012 through 
December 2016 among 162 472 patients referred for MGPT. 
Demographics, clinical characteristics and genes included in the 
MGPT are shown in online supplementary table 1. The Yale 
cohort included all (n=8) pathogenic variant carriers identified 
in the programme from June 2008 to July 2018, either through 
MGPT or CDH1 testing only who were not previously tested at 
Ambry Genetics. Only pathogenic or likely pathogenic variants 
were included. Pathogenic variants were identified per Ambry’s 
classification schema,16 which is based on guidelines published 
by the American College of Medical Genetics and Genomics.17

Clinical features and cancer prevalence among patients and 
their family members
Only one CDH1 carrier had a pathogenic variant in another 
cancer- predisposition gene (MSH6). Clinical phenotypes, 
including the prevalence of gastric and/or breast cancer, mean 
age at cancer diagnosis, sex, race and type of variant, were anal-
ysed for CDH1 pathogenic variant carrier probands (n=113) and 
family members for whom clinical history of cancer was available 
(n=476). As cancer pathology reports of family members were 
not generally available, any affected family members with gastric 
cancer were assumed to have DGC for the purpose of calculating 
percentage of patients fulfilling HDGC clinical criteria. HDGC 
criteria pertaining to LBC was only considered for probands, as 
we could not be certain of the pathology for breast cancer of 
most family members and ductal breast cancer (DBC) is common 
in the general population. Finally, cancer prevalence was assessed 
considering first- degree and second- degree relatives.

Cancer penetrance estimation
Cancer penetrance was estimated analysing 38 families with 
pedigree information with at least all third- degree relatives and at 
least one individual affected with gastric cancer or breast cancer. 
Individuals with unknown CDH1 genotypes were considered 
‘missing’ and there was no imputation in the penetrance calcu-
lation. A complete description of these families can be found in 
online supplementary table 2. MENDEL software18 was used for 
the calculations. We parameterised the model in terms of log 
relative risk in variant carriers, assuming the cancer incidence is 

the same for all families. Non- carriers of the CDH1 variants in 
each family were presumed to develop gastric or breast cancer 
according to the incidence rates of all races from SEER.19 20 
The relative risk (RR) of gastric cancer was estimated for men 
and women separately in three age groups: 20–44, 45–59 and 
60–85. RR for breast cancer was estimated only among women 
using the aforementioned approach. The CDH1 variant allele 
was presumed to be rare, with a frequency of 0.1% in the general 
population. We first computed cumulative incidence:  cum. inc = 

 

n∑
k=1

iktkexp
(
βk

)
 
, where ik is the incidence rate in the kth age band 

of length tk and  βk  is the log relative risk. Then, we calculated 
the age- specific cumulative risk:  cum.risk=1–exp(−cum.inc). 
The corresponding CIs (95% and 50% CI) were computed using 
a parametric bootstrap with 10 000 iterations. Specifically, 10 
000 draws were taken from the normal distribution with param-
eter estimated by MENDEL. All other statistical analyses were 
conducted in R Statistical Computing V.3.2.3.

resulTs
Clinical features of CDH1 pathogenic variant carrier probands
None of the 113 CDH1 carriers, except one, had a patho-
genic variant in another known breast, ovarian or colon cancer 
predisposition gene. A single case also had an MSH6 pathogenic 
variant. This patient was diagnosed with DGC at age 16. The 
patient’s mother was a carrier of both variants and had not had 
any cancers by age 40. Cancers in second- degree and third- 
degree relatives included colorectal cancer (CRC), breast, endo-
metrial, ovarian and thyroid.

Demographic and clinical features are summarised in table 1. 
CDH1 pathogenic variant carriers had an average age of 50 
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Figure 1 cancer prevalence in families based on proband cancer history. 
(a) shows information on families from probands with gastric cancer. (B) 
shows that same information for probands with breast cancer. (c) shows 
cancers in families of patients with probands with no cancer. (D) shows 
the overall data from families of all probands included in the study. two 
probands did not have information on cancer family history.

(±14) years at the time of genetic testing. Eighty- eight (78%) 
had a personal history of cancer and 13 had a history of multiple 
cancer primaries. Three probands had both gastric and breast 
cancer. All variant carriers with breast cancer were women and 
had an average age at diagnosis of 50 (±12) years. Specific mean 
ages at diagnosis were 53 (±11) for LBC, 48 (±14) for DBC 
and 42 (±16) for gastric cancers, compared with 59, 63 and 68, 
respectively, for the general US population as reported through 
SEER data.21 22 Average age at diagnosis for colorectal, thyroid, 
pancreas and ovarian cancers were 50, 26, 48 and 56 years, 
respectively. Finally, the 25 probands with no personal history of 
cancer were on average 46 (±15) years old at the time of genetic 
testing, with ages ranging from 23 to 75.

Clinical features of the families of CDH1 pathogenic variant 
carrier probands
There were a total of 476 individuals with cancer in the fami-
lies included in this study: 113 gastric, 177 breast and 196 with 
other cancers. The mean diagnosis age was 47 (±14) years 
among family members with gastric cancer and 54 (±14) years 
among family members with breast cancer, therefore younger 
than reported in the general US population, 67.9 and 62.0 years, 
respectively,.21 23 From the 99 patients with complete informa-
tion, up to 46% of families fulfilled HDGC criteria assuming all 
gastric cancers were of the diffuse type. Information on every 
single family and the different specific criteria they fulfil to 
qualify for HDGC is described in online supplementary table 3. 
While 29 families had incomplete information regarding breast 
tumour histology in family members, 18 fulfilled criteria 1 or 2, 
thus lack of breast tumour histology in family members was only 
a limitation in 11 families in order to determine HDGC fulfil-
ment criteria. Fifty- three families (52%) did not fulfil HDGC 
criteria. Only two families with probands with gastric cancer did 
not fulfil HDGC criteria. On the other hand, 33 families with 
probands with breast cancer did not fulfil the criteria. Thirty of 

those 33 did not have any family member with gastric cancer. 
Of the remaining three families, one family had an occurrence 
of gastric cancer at 48 and only the proband diagnosed with 
a ductal breast carcinoma; the second family had one member 
with gastric at 63, several members with breast cancer diagnosed 
at older than 50 and the proband diagnosed at 43 with a ductal 
breast carcinoma; finally, the third family had a member with 
gastric cancer at 61, one family member with breast cancer at 50 
and the proband with lobular breast cancer at 54. Sixteen of the 
33 probands from families that did not fulfil criteria had a single 
lobular breast cancer and no gastric cancers.

Cancer prevalence in families with CDH1 variant carrier 
probands
Figure 1 shows the prevalence of the different types of cancers in 
the families of the pathogenic variant carriers based on reported 
proband cancer history (figure 1A–C). Three phenotypic groups 
emerged from the analysis of the families with available family 
history: (1) mixed gastric/breast cancer (36% of families); (2) 
breast cancer in the absence of gastric cancer (36% of fami-
lies); (3) gastric cancer in the absence of breast cancer (16% of 
families). In the remaining 12% of families, no gastric or breast 
cancers were present.

Cancer penetrance in families with CDH1 variant carrier 
probands
Data on the 38 families used for pedigree- based penetrance anal-
ysis are summarised in online supplementary table 2. Specific 
fulfilment of HDGC criteria of all families is summarised in 
online supplementary table 3. In the 20 pedigrees with at least 
one individual affected with gastric cancer, there were a total of 
43 individuals with gastric cancer, 41 with breast cancer, and 
678 with either another cancer type or with no cancer history. 
Likewise, 15 individuals with gastric cancer and five individ-
uals with breast cancer carried a CDH1 pathogenic variant; the 
remaining individuals with cancer (28 with gastric and 36 with 
breast) were not tested. On the other hand, 30 individuals with 
neither gastric nor breast cancer tested negative for CDH1.

In the 32 pedigrees with at least one patient with breast 
cancer, there were 84 individuals with breast cancer, 29 with 
gastric cancer, and 1105 with either another cancer type or 
with no cancer history. In these 32 families, 11 individuals with 
gastric and 19 individuals with breast cancer carried a CDH1 
pathogenic variant; the other 18 gastric cancers and 64 breast 
cancers were not tested, and one patient with breast cancer 
tested negative. Separate LBC penetrance was not calculated as 
specific pathology reports were not available in many relatives 
of probands.

Cancer risk estimates are shown in table 2. The overall cumu-
lative risk of gastric cancer by age 80 among the 20 families with 
at least one gastric cancer was 37.2% among men and 24.7% 
among women (table 2B). Cumulative risks of gastric cancer 
were relatively low until 40 years old at 2.8% and 1.3% for 
women and men, respectively, but nearly doubled each succes-
sive decade. The cumulative risk of breast cancer in women by 
age 80 among the 31 families with at least one breast cancer was 
42.9% (table 2B). Risk remained relatively low until 30–39 years 
old but increased significantly each decade thereafter (figure 2).

CDH1 germline variants
All specific CDH1 likely pathogenic/pathogenic variants are 
listed in online supplementary table 4, along with their corre-
sponding protein change and clinical history. Overall, 9.5% of 
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Table 2 Cancer risk estimates for gastric and breast cancer in CDH1 
probands

 (A) Penetrance model parameter estimates

 Male Female

Age 
group

log (rr) se rr log (rr) se rr

Gastric cancer

  20–44 3.65 0.94 38.47 4.40 0.93 81.77

  45–59 3.49 0.98 32.85 3.49 0.98 32.90

  60–85 3.44 1.04 31.28 3.45 1.05 31.37

breast cancer

  20–85 – – – 1.50 0.20 4.48

  20–49 – – – 1.84 0.17 6.32

  50+ – – – 1.33 0.21 3.79

(B) Cumulative risk

Age 
group

Male (%) Female (%)

Gastric 
cancer

risk (%) 95% CI (%) risk (%) 95% CI (%)

  20–29 0.3 0.0 1.2 0.7 0.1 2.6

  30–39 1.3 0.1 5.3 2.8 0.3 10.8

  40–49 4.1 0.8 13.1 5.5 1.0 17.5

  50–59 10.6 2.4 31.7 8.9 2.1 25.4

  60–69 22.7 5.5 61.9 15.3 4.1 41.6

  70–79 37.2 8.7 89.5 24.7 6.1 68.9

breast 
cancer 
female

risk (%) 95% CI (%)

  20–29 0.5 0.4 0.7

  30–39 3.9 2.8 5.3

  40–49 13.0 9.7 17.3

  50–59 21.2 16.6 26.6

  60–69 32.2 25.1 40.7

  70–79 42.9 33.4 53.9

RR, relative risk.

Figure 2 cumulative risk curves for gastric and breast cancer in CDH1 
probands. top two graphs cumulative risk by age for gastric cancer (men 
and women) and bottom graph breast cancer (women only).

Table 3 Type of variants in CDH1 mutation probands

Type of mutation
Gastric cancer 
(n)

breast cancer 
(n)

other cancer 
(n)

no 
cancer 
(n)

Missense 0% 7% (4) 14% (1) 24% (6)

Loss of function 100% (30) 93% (50) 86% (6) 76% (19)

Loss of function included nonsense, frameshift, splicing variants (±1.2 nt) and gross 
del/dups. p.T379T, 2195G>A and p.G571S were classified as affecting splicing25 26

variants in the present study were missense and 90.5% were 
pathogenic loss- of- function variants, similar to a previous study 
by Hansford et al.5 With the observed differentiated groups 
of cancer phenotype, we investigated any potential genotype–
phenotype correlation. No significant differences were observed 
in the distribution of types of genetic mutations among probands 
(table 3). Thus, 100% (n=30) of the mutations from probands 
with gastric cancer were loss- of- function mutations while for 
probands with breast cancer, 7% (n=4) had missense mutations 
and 93% had loss- of- function mutations (n=50) (Fisher’s exact 
test p=0.3). As there was a significantly higher frequency of 
missense variants among probands without cancer in compar-
ison with probands with gastric cancer (p=0.006), we examined 
the family phenotypes of the former. Among these six families, 
two had gastric and breast cancers, three breast cancer only and 
one gastric cancer only. Two families fulfilled HDGC criteria. 
Thus, we did not observe a distinct cancer phenotype among 
families with missense variants and probands without cancer.

We also investigated whether a specific recurrent hotspot patho-
genic variant was associated with a particular cancer phenotype. 
The most frequent mutation, p.C688*, was identified in nine 
Caucasian carriers. This variant is reported in ClinVar (https://
www. ncbi. nlm. nih. gov/ clinvar/) by seven different clinical labo-
ratories, but it is not present in the general population (gnomAD, 
http:// gnomad. broadinstitute. org). Seven patients with this 
variant had breast cancer (LBC=5, DBC=1, other=1), and two 

had gastric cancer (DGC=1, no pathology available=1). The 
second most frequent variant (p.D662*) was identified exclu-
sively in African- American (AA) probands, accounting for 54.5% 
(n=6/11) of the CDH1 mutations observed in AA probands in 
our series. Currently, this variant is reported in ClinVar only by 
Ambry Genetics and it is not present in gnomAD. None of these 
six patients were referred from the same institution, and based 
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on the demographic, clinical and pedigree information collected, 
it is unlikely they are closely related. Five of these six families 
only had breast cancers. One AA CDH1 carrier with this variant 
had no history of cancer. However, she was 40 years old at the 
time of data collection and under the average age of diagnosis 
for both gastric and breast cancer.

dIsCussIon
The body of literature on the clinical phenotype of CDH1 
pathogenic variant carriers is still quite limited, which makes 
management particularly challenging. Furthermore, most studies 
defining this phenotype pre- selected variant carriers from fami-
lies fulfilling clinical criteria for HDGC that tends to encompass 
the more visible cases. Remarkably, a recent study has shown 
that only 19% of families fulfilling these clinical criteria had 
CDH1 pathogenic variants, which suggests that either other 
genetic defects or shared environmental factors are behind most 
of these cases.5 On the other hand, while one study with a small 
number of carriers could not identify any CDH1 variants outside 
families that fulfil HDGC clinical criteria,24 the percentage of 
pathogenic variant carriers who do not fulfil these criteria and 
their clinical phenotype is still largely undefined.

Our study attempted to better understand the cancer pheno-
type of CDH1 pathogenic variant carriers without the bias of 
pre- selecting for HDGC clinical criteria. While an ideal study 
would involve a population- based cohort, this would be cost- 
prohibitive based on the sample size needed to ascertain an 
informative number of CDH1 carriers. Instead, we describe a 
cohort of CDH1 variant carriers identified through MGPT 
for inherited cancer susceptibility. While this sample is inher-
ently enriched for patients with a personal and family history 
of cancer, probands were not selected based on meeting clin-
ical criteria for HDGC. In fact, only 46% of CDH1 carriers in 
this study met these criteria. While the full pedigrees were only 
available in a subset of cases, to our knowledge, this is the largest 
pedigree- based penetrance analysis in families not pre- selected 
for clinical criteria of HDGC.

From this cohort, we were able to draw several important 
conclusions. Thus, a similar proportion of families exhibited 
either the classical mixed gastric/breast cancer phenotype or a 
breast cancer phenotype in the absence of gastric cancer (36% 
for each group). While the frequent occurrence of a breast 
cancer- only phenotype is likely reflective of referral for MGPT, 
the absence of gastric cancer in these families calls into question 
the pre- selection for testing based on HDGC criteria.

Lacking specific pathology data in many family members with 
breast cancer, we were not able to accurately measure penetrance 
for LBC. Taking all breast cancers together though, the risk of 
breast cancer by age 80 exceeded 40% in CDH1 carriers. Thus, 
it is sensible to include CDH1 in the genetic testing panels for 
families suspicious for an inherited breast cancer predisposition, 
even in the absence of gastric cancer.

Another important conclusion is that gastric cancer penetrance 
was much lower than previous reports, which is not entirely 
surprising considering that previous studies had pre- enriched 
cases based on clinical criteria. In fact, cancer risk by age 80 
years was about half of what was previously reported: 37.2% for 
men and 24.4% for women in this cohort compared with 70.0% 
and 56.0%, respectively, as reported by Hansford et al.5 Further-
more, the mean age at diagnosis of gastric cancers was 47 years, 
much higher than previously reported,6 and the cumulative risk 
remained relatively low until age 40 where it roughly doubled 
every decade thereafter. While we cannot make any direct 

implications in management from these data, a slightly more 
conservative approach regarding gastrectomies may be consid-
ered, particularly if a specific family has not presented with early 
gastric cancer cases. Nevertheless, caution should still be advised 
given the at most questionable efficacy of DGC screening.

Interestingly, on average all patients with cancer in these fami-
lies, including DBC and CRC, were much younger than expected. 
It is unclear if this is a true result of carrying the pathogenic vari-
ants identified or if this is due to selection bias as these patients 
were more likely be tested for a genetic cancer predisposition.

Other limitations stem from the fact that, as mentioned above, 
this study is not population based and different clinical suspicion 
criteria for various inherited cancer syndromes were applied in 
order to proceed with genetic testing. Furthermore, complete 
pedigrees and pathology data were only available from a subset 
of families. Thus, while for the purpose of establishing fulfilment 
of HDGC clinical criteria we assumed that all gastric cancers in 
relatives of CDH1 variant carriers were of the diffuse type, we 
cannot totally be certain of that fact. Nevertheless, as the inci-
dence of gastric cancer in the US population is quite low (lifetime 
risk of 0.8%), and there is a well- established association between 
diffuse gastric cancer and CDH1 pathogenic variants, it is highly 
likely that, if not all, the great majority of the cases would be of 
this type.

Finally, we could not accurately estimate the frequency of de 
novo CDH1 variant cases, and thus data such as cancer pene-
trance should be interpreted in this context. Indeed, if there was 
a significant percentage of individuals with de novo variants, 
penetrance would likely be underestimated in this study.

In summary, we provide a broader view on the clinical pheno-
type of CDH1 pathogenic variant carriers with lower penetrance 
for gastric cancer and a sizeable group of families that present 
with breast cancer only. Furthermore, a lower gastric cancer risk 
is observed as patients were not pre- selected for HDGC criteria. 
It is possible that other genetic or environmental factors may play 
a role in the penetrance and cancer risk. Better understanding of 
these factors will improve personalised risk assessment and clin-
ical decision- making for CDH1 variant carriers.
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