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Abstract 

Background:  Hereditary Diffuse Gastric Cancer (HDGC) syndrome is an autosomal dominant hereditary cancer 
predisposition associated with germline pathogenic/likely pathogenic variants in the CDH1 gene. Identifying early 
stage HDGC is difficult, and prophylactic measures can be effective in preventing incidence. Preimplantation Genetic 
Testing (PGT) can provide information about CDH1 variant status, HDGC risk, and limit familial transmission of CDH1 
variants. To date, however, little is known about the attitudes of individuals with CDH1 variants towards PGT.

Methods:  Given that little is known about the reproductive attitudes of individuals with HDGC, we recruited partici‑
pants with CDH1 variants from a familial gastric cancer registry and administered a cross-sectional survey with open- 
and closed-ended response items. We assessed attitudes regarding PGT and the effect of HDGC on quality of life.

Results:  Participants (n = 21) were predominantly partnered (61.9%), had a personal cancer history (71.4%), and had 
biological children (71.4%). Interest in learning about PGT was high; 66.7% of participants were interested in PGT and 
90.5% approved of healthcare providers discussing PGT with individuals with CDH1 variants. Attitudes regarding per‑
sonal use were varied. Among all participants, 35% would not, 25% were uncertain, and 40% would use PGT. Personal 
philosophy and preferences for family and reproduction were key factors related to PGT attitudes. HDGC had moder‑
ate effects on participants’ quality of life, including social relationships, health behaviors, and emotional experiences 
including worry about cancer risk and guilt regarding familial implications.

Conclusion:  PGT was identified by participants as acceptable for use in a variety of contexts and benefits of repro‑
ductive counseling involving PGT may extend beyond CDH1 carriers to family members’ reproductive behaviors. 
Dispositions towards PGT are governed by personal philosophy or belief systems. These findings can help guide 
providers counseling individuals with CDH1 variants.
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Background
Hereditary Diffuse Gastric Cancer (HDGC) syndrome is 
an autosomal dominant hereditary cancer predisposition 
syndrome associated with germline pathogenic/likely 
pathogenic variants in the tumor suppressor E-cadherin 
(CDH1) gene [1, 2]. Although familial clustering of gas-
tric cancer was initially described in a multigenerational 
Maori family from New Zealand in 1964 [3], Guilford 
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and colleagues first identified CDH1 germline variants as 
being a cause of the familial cancer in 1998 [2]. Accord-
ing to a recent investigation of individuals with CDH1 
pathogenic variants, the cumulative incidence of diffuse-
type gastric cancer is 70% (95% CI, 59–80%) for males 
and 56% (95% CI, 44–69%) for females [4]. Due to diffi-
culties in effectively identifying early-stage diffuse-type 
gastric cancer with currently available surveillance upper 
endoscopy and random biopsy protocols, many indi-
viduals who are found to have a germline CDH1 patho-
genic variant consider prophylactic total gastrectomy 
[5]. Women who carry germline CDH1 pathogenic vari-
ants also have an increased risk for lobular breast cancer 
with a risk estimate of 42% (95% CI, 23–68%) [4]. Rec-
ommended management for this risk includes increased 
(earlier age and more frequent) surveillance breast imag-
ing with breast MRI and mammogram, chemopreven-
tion, and some women consider prophylactic bilateral 
mastectomies [5]. Incomplete penetrance and inter- and 
intra-familial variability have been noted in HDGC kin-
dreds. More recently, the increasing use of multigene 
panel testing (MGPT) in clinical practice has also led to 
uncertainty in the management of patients who present 
with incidental CDH1 pathogenic variants. A 2017 study 
evaluating unexpected CDH1 variant identification dur-
ing MGPT illustrated that there may be a substantial 
number of persons with CDH1 pathogenic variants who 
do not meet diagnostic testing criteria and would other-
wise not have been identified [6]. Given that current pen-
etrance estimates have been derived largely from families 
ascertained by stringent HDGC guidelines, it is unknown 
whether such incidentally identified results may repre-
sent less penetrant mutations of CDH1. Updated clinical 
guidelines for the management of HDGC acknowledge 
that while prophylactic total gastrectomy remains the 
gold standard, advancements in access and utility of 
MGPT and an evolving understanding of CDH1 pen-
etrance have led to increasing confidence that other pro-
phylactic measures like endoscopic surveillance might 
be considered for patients in this context [5]. These find-
ings underscore the difficulties both patients and provid-
ers may face in clinical management and prophylactic/
surveillance decision-making with respect to germline 
CDH1 findings [7].

Given the heritable nature of HDGC, evolving data on 
germline CDH1 variants and their associated risks, and 
difficulties with respect to clinical management and deci-
sion-making for patients in this setting, a role exists for 
reproductive technologies that could control the trans-
mission of genetic risk to future generations. Preimplan-
tation genetic testing for monogenic conditions (PGT-M, 
referred to hereafter as PGT) is one such reproductive 
technology. PGT involves sampling DNA from an in vitro 

fertilization (IVF)-created embryo followed by genetic 
testing for particular genetic alterations. IVF-PGT was 
initially used for childhood-onset conditions such as 
cystic fibrosis [8]. However, it is now increasingly used 
for adult-onset conditions, including hereditary cancer 
predisposition syndromes such as hereditary breast and 
ovarian cancer syndrome (i.e., germline BRCA1/BRCA2 
variants) and Lynch syndrome (previously known as 
Hereditary Non-Polyposis Colorectal Cancer/HNPCC 
due to germline MLH1, MSH2, MSH6, PMS2, or EPCAM 
variants) [9]. Prior studies have investigated attitudes of 
cancer predisposition variant carriers towards the use 
of IVF-PGT [10–21]. In these investigations, a generally 
favorable attitude towards PGT, consisting of a desire to 
learn about and willingness to consider PGT, was identi-
fied among respondents. To date, however, little is known 
about the attitudes of individuals with CDH1 variants 
towards PGT. In a 2017 report of qualitative interviews 
with 35 high risk individuals (defined as having a con-
firmed CDH1 variant or having undergone prophylac-
tic total gastrectomy) from the United Kingdom-based 
Familial Gastric Cancer Study, again a generally favorable 
view of reproductive genetic testing was identified [21]. 
A preference for PGT over prenatal diagnosis (PND) 
through chorionic villus sampling or amniocentesis 
was noted due to the ability to potentially avoid difficult 
decision-making regarding elective pregnancy termina-
tion that can be associated with PND. Additionally, some 
interviewees reported anxiety and skepticism about IVF. 
Participants were also concerned about the need for 
planned reproduction and anticipated difficulty commu-
nicating this to partners. Interviewees noted differences 
in the information provided by healthcare providers, 
which may have influenced observed differences in opin-
ion regarding PGT. This suggests that further data are 
needed to elucidate the PGT informational needs among 
this patient population, and that this information should 
inform genetic counseling practices for HDGC [21].

To further contribute to the literature on reproduc-
tive genetic technology and HDGC, we collected quan-
titative and qualitative survey data from individuals with 
confirmed CDH1 variants. Here, we describe findings 
regarding these individuals’ opinions on reproductive 
options and their experiences with and knowledge of 
PGT. We also provide data regarding their opinions of 
how a diagnosis of HDGC has impacted their reproduc-
tive choices and broader quality of life.

Methods
Participants
Study participants were recruited from the Early Onset 
and Familial Gastric Cancer Registry, a multi-institu-
tional prospective registry created to identify individuals 
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with gastric cancer at high risk for a familial predisposi-
tion syndrome to gastric cancer. Registry eligibility was 
limited to patients with 1) a known diagnosis of early-
onset (i.e., before age 50 years) gastric cancer; or 2) gas-
tric cancer and a family history of gastric cancer in at 
least one first-degree relative or two second-degree rela-
tives; or 3) a known CDH1 variant. The subgroup of reg-
istry participants who were eligible for the present survey 
study include those who were enrolled to the registry by 
Memorial Sloan Kettering Cancer Center (MSK) between 
2005 and January 2013, were age 18  years or older, had 
a pathogenic/likely pathogenic CDH1 variant, and had 
agreed to be contacted for future studies.

Procedures
Survey participants were recruited by study staff via 
phone. Interested participants provided verbal informed 
consent and were mailed the study survey with a pre-
paid envelope for return to study staff. This study was 
approved by the MSK Institutional Review Board.

Measures
The survey consisted of self-reported items developed 
with guidance from institutional experts in clinical genet-
ics, gastrointestinal oncology, fertility, and behavioral 
sciences. Medical terminology, such as PGT (referred to 
as preimplantation genetic diagnosis and PGD in study 
materials), pathogenic/likely pathogenic CDH1 variants 
(referred to as mutations in study materials), IVF, donor 
gametes, and other terms were defined for the partici-
pants in readily comprehensible language. The 50 (43 
closed-ended and 7 open-ended) item survey (see Addi-
tional File 1) took approximately 25 min to complete and 
collected information on the following topics:

Sociodemographics
Age, gender, race/ethnicity, education, marital status, and 
income were assessed.

Clinical history
Personal cancer history (yes/no response) and personal 
cancer diagnoses (open-ended) were assessed. Uptake of 
total gastrectomy was also assessed (response options: 
“Yes, I have undergone a prophylactic total gastrectomy,” 
“Yes, I have undergone total gastrectomy that was ini-
tially thought to be prophylactic, but gastric cancer cells 
were found upon surgical pathology review,” “Yes, I have 
undergone a total gastrectomy because of a previously 
identified gastric cancer,” “ No, I have not undergone total 
gastrectomy”). Family cancer history in terms of number 
of first-degree relatives diagnosed with a HDGC-asso-
ciated cancer and deceased due to a HDGC-associated 

cancer (response scale from “0” to “11 + ”) were also 
assessed.

Reproductive history
Participants’ biological parental status (yes/no), and age 
of any children (open-ended) were assessed. Knowledge 
of children’s CDH1 variant status (positive or negative 
for the familial CDH1 variant) was assessed (response 
options: “Yes, I know all of my biological children’s muta-
tion statuses,” “I know some of my biological children’s 
mutation statuses,” “No, I do not know any of my bio-
logical children’s mutation statuses”, “Other”). Items also 
assessed whether participants or their partners were 
diagnosed with infertility; used donor gametes, and if so, 
used donor gametes to eliminate the risk of a CDH1 vari-
ant in their children; used IVF; used PGT; had adopted 
children, and if so, if they adopted to eliminate the risk of 
a CDH1 variant in their children (yes/no responses).

Attitudes toward PGT
Items assessed whether participants want to have (more) 
biological children now or in the future, had heard about 
PGT prior to participating in the survey, believe it is an 
acceptable practice for healthcare providers to inform 
individuals who have CDH1 variants about the availabil-
ity of PGT, had previously considered using PGT, believe 
PGT is acceptable for conditions that occur in child-
hood, and believe that PGT is acceptable for families with 
CDH1 variants (yes/no responses). Participants indicated 
their level of interest in learning more about PGT (Likert-
type scale ranging from 0 = “not interested” to 4 = “very 
interested”). All participants were also asked about their 
likelihood of using PGT for the CDH1 variant (in the 
future if they wanted to have more biological children, or 
if this technology had been available if they have already 
completed their family) on a Likert-type scale ranging 
from 1 = ”definitely not” to 5 = ”definitely.” Participants 
were asked if after completing the survey they would dis-
cuss the availability of PGT with a family member who 
has a risk to have a child with the CDH1 variant (Likert-
type scale ranging from 1 = ”definitely not” to 5 = “defi-
nitely” with 6 = “not applicable-nobody appropriate in 
my family”). Finally, two open-ended items assessed their 
main concerns or worries about PGT and what they per-
ceive as the main benefit of PGT.

Impact of HDGC on quality of life
Participants indicated how often they worry about their 
chances of developing gastric and/or breast cancer 
(Likert-type scale ranging from 1 = “not at all/rarely” to 
4 = “almost all the time”). Participants rated how severely 
HDGC syndrome affected their overall health and well-
being (scale of 1 = “not severe” to 10 = “most severe”). 
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Participants indicated whether they experience guilt 
related to HDGC syndrome affecting their family mem-
bers (yes/no). Items also assessed how satisfied partici-
pants are with their quality of life and whether having 
HDGC syndrome caused them to alter important life 
decisions (Likert-type scale ranging from 1 = “uncertain” 
to 6 = “very much”). Similarly, an item assessed whether 
having HDGC syndrome affected their current or future 
reproductive decisions (Likert-type scale ranging from 
1 = “uncertain” to 6 = “very much” with 7 = ” not applica-
ble”). Finally, two open-ended items assessed how HDGC 
syndrome has caused participants to alter important life 
decisions and has affected their current or future repro-
ductive decisions.

Statistical analysis
Descriptive statistics were computed to summarize par-
ticipant responses to all closed-ended items. To analyze 
the qualitative data from open-ended items about atti-
tudes toward PGT and the impact of HDGC on quality of 
life, we used qualitative inductive analysis [22–26]. This 
process of narrative review, interpretation, and consen-
sus discussions was performed on participants’ verbatim 
responses to the open-ended items. The Framework ana-
lytic induction approach [22, 27, 28] was used, which is 
appropriate for analyses that begin deductively and aim 
to develop a thematic codebook and identification of key 
themes. Participant responses were independently coded 
and categorized for thematic content by two reviewers 
(J.G.H. and K.A.), and the reviewers subsequently met in 
consensus meetings to jointly compare and reconcile dif-
ferences to maximize internal validity.

Results
Participant characteristics
Thirty-seven living patients with confirmed CDH1 vari-
ants were eligible for the survey; of these, 22 patients 
consented to the present study and 21 returned a com-
pleted survey (57% response rate). Characteristics of the 
study sample (n = 21) are summarized in Table  1. The 
majority was female (81%), white/Caucasian (90.5%), and 
were married or partnered (61.9%).

Most participants (71.4%) had a personal cancer his-
tory. Most had biological children (71.4%; child ages 
ranged from 1–52  years). A minority of participants 
wanted to have (more) biological children now or in the 
future (9.5%). None of the participants or their partners 
had previously used PGT.

Attitudes toward PGT
Among all participants, 66.7% had previously heard of 
PGT, although only 14.3% of the sample had previously 
considered using PGT. Most participants (66.6%) were 

“somewhat interested” or “very interested” in learning 
more about PGT. Participants held generally favora-
ble attitudes about the availability of PGT. The major-
ity (90.5%) believed that it was acceptable for healthcare 
providers to inform individuals who have a CDH1 variant 
about the availability of PGT. Furthermore, 76.2% of par-
ticipants believed that PGT is acceptable for both condi-
tions that occur during childhood and for families with 
CDH1 variants (see Table 2).

Participants expressed a wide range of opinions regard-
ing their own likelihood of using PGT. Among the two 
participants who wanted to have biological children in 
the future, interest in using PGT for CDH1 variants in 
the future was evenly split with one (50%) being “defi-
nitely not” likely to use the technology and one (50%) 
being “definitely” likely to use the technology. Among the 
remaining 18 respondents (note one missing response) 
who had already completed their families, their likeli-
hood of having used PGT if the technology had been 
available when they were making their own reproductive 
decisions also varied. Slightly more than a third (38.9%) 
of these participants would have been likely to use this 
technology, 27.8% were undecided, and 33.3% would not 
have used this technology (see Fig. 1). Finally, the major-
ity (65.5%) of all participants would “definitely” or “prob-
ably” discuss the option of PGT with a family member at 
risk of having a child with a CDH1 variant.

Qualitative analysis of the open-ended survey items 
revealed multiple factors that informed and shaped par-
ticipants’ attitudes about the use of PGT (Table 3). Most 
commonly, participants’ responses included a discussion 
of a personal philosophy or belief system that guided and 
justified their reproductive decisions and attitudes about 
the appropriateness of PGT. Such beliefs included their 
attitudes about uncertainty and the perceived appropri-
ateness or importance of either embracing or control-
ling possible reproductive outcomes. Responses also 
frequently described the influence of God, religion, or 
morality on these reproductive choices, including atti-
tudes about what a higher power may choose for them, as 
well as innate feelings of what is ethically right or wrong. 
An additional factor relevant to participants’ perspectives 
about PGT was their personal preferences for family and 
reproduction such as preserving the ability to have a bio-
logical child.

Several perceived benefits of PGT were described 
by participants, with the most common responses 
reflecting the ability to eliminate mutations known to 
be pathogenic (e.g., CDH1) and to minimize suffering 
or anxiety experienced by themselves and their chil-
dren. Less frequently noted benefits included the abil-
ity to improve health of future children and knowledge 
that could be gained through PGT. A few barriers or 
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concerns regarding PGT were also noted. Most com-
monly, responses described concerns about safety and 
technology that may limit the effectiveness or reliabil-
ity of PGT in ensuring an anticipated, promised out-
come. A few participants also expressed concerns about 

the cost of the technology. Finally, two participants 
perceived that their age would preclude them from 
employing PGT (it is worth noting that both of these 
participants expressed a disinterest in having additional 
biological children).

Table 1  Participant characteristics (n = 21)

a  Data were missing for one participant; percentages calculated out of total sample
b  Participants could endorse more than one cancer type
c  Percentages computed out of a total of 15 participants with biological children; 1 participant declined to respond

n (%)

Sociodemographics

Age, years (M ± SD) 51.4 ± 13.3; range: 30–75

Gender (Female) 17 (81.0)

Race (White/Caucasian) 19 (90.5)

Marital status

  Married or partnered 13 (61.9)

  Divorced or separated 5 (23.8)

  Single 3 (14.3)

Educational attainment

  Some college 4 (19.0)

  College graduate 6 (28.6)

  Post-graduate 11 (52.4)

Annual household incomea

   < $50,000 1 (4.8)

  $50,000-$100,000 9 (42.9)

  $100,000-$200,000 6 (28.6)

   > $200,000 4 (19.0)

Clinical history

Personal cancer history (Yes) 15 (71.4)

Personal cancer diagnosisb

  Lobular breast cancer 6 (28.6)

  Stomach cancer 13 (61.9)

  Other cancers 3 (4.8)

Number of 1st degree relatives with a HDGC cancer (M ± SD) 3 ± 2.8; range: 0–8

Number of 1st degree relatives who died from a HDGC cancer (M ± SD) 1 ± 2.4; range: 0–8

Total gastrectomya

  Yes, prophylactic 8 (38.1)

  Yes, prophylactic but occult gastric cancer detected 5 (23.8)

  Yes, due to gastric cancer 3 (14.3)

  No 4 (19.0)

Reproductive history

Have biological children (Yes) 15 (71.4)

Know biological children’s CDH1 mutation statusc

  Yes, know all children’s statuses 6 (40.0)

  Yes, know some children’s statuses 5 (33.3)

  No 3 (20.0)

Have adopted children to eliminate the risk of a CDH1 mutation 0 (0)

Have used donor gametes (Yes) 0 (0)

Have used PGT and in vitro fertilization (Yes) 1 (4.8)

Want (more) biological children (Yes)a 2 (9.5)
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Impact of HDGC on quality of life
Survey items also assessed participants’ perceptions of 
the broad impact of HDGC on their lives. Although a 
third (33.3%) of participants noted that they were “not 
at all/rarely” worried about their chances of devel-
oping gastric and/or breast cancer, 57.1% reported 
experiencing such worries “sometimes” or “often”, 
and 9.5% worried about this possibility “almost all the 
time.” Furthermore, participants believed that HDGC 
had exerted a moderately severe effect on their over-
all health and well-being (M = 6.0, SD = 2.7 on a 1–10 

scale). In addition, a slight majority (57.1%) of partici-
pants reported experiencing guilt related to HDGC 
syndrome affecting their families (see Table 2).

As depicted in Fig. 2, participants expressed diverse 
opinions about the extent to which HDGC has influ-
enced their lives. Most (66.7%) believed that HDGC 
had at least some effect (responses ranging from “a 
little bit” to “very much”) on their important life deci-
sions. However, only 41.6% of participants believed 
that HDGC had an effect (responses ranging from “a 
little bit” to “very much”) on their current or future 

Table 2  Participant attitudes about PGT, HDGC, and quality of life (n = 21)

Note that because the original survey used the terminology “preimplantation genetic diagnosis; PGD,” this language has been retained in the item wording

n (%)

Had you heard about PGD prior to participating in this survey?

  Yes 14 (66.7)

  No 7 (33.3)

Have you previously considered using PGD?

  Yes 3 (14.3)

  No 16 (76.2)

  Missing 2 (9.5)

Level of interest in learning more about PGD

  Not interested 7 (33.3)

  Uncertain 0 (0)

  Somewhat interested 7 (33.3)

  Very interested 7 (33.3)

Do you believe it is an acceptable practice for healthcare providers to inform individuals who have CDH1 gene mutations about the availability of 
PGD?

  Yes 19 (90.5)

  No 2 (9.5)

In general, do you believe that PGD is acceptable for conditions that occur during childhood?

  Yes 16 (76.2)

  No 4 (19.0)

  Missing 1 (4.8)

Do you believe that PGD is acceptable for families with CDH1 gene mutations?

  Yes 16 (76.2)

  No 4 (19.0)

  Missing 1 (4.8)

How often do you worry about your chances of developing gastric and/or breast cancer (again)?

  Not at all/ Rarely 7 (33.3)

  Sometimes 5 (23.8)

  Often 7 (33.3)

  Almost all the time 2 (9.5)

Do you experience guilt related to HDGC syndrome affecting your family members?

  Yes 12 (57.1)

  No 9 (42.9)

On a scale of 1 (not severe) to 10 (most severe), how severely has HDGC syndrome affected your overall health and well-being? (M ± SD) 6.0 ± 2.7;
range: 2–10
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Fig. 1  Participant attitudes regarding PGT. Note that because the original survey used the terminology “preimplantation genetic diagnosis; PGD,” 
this language has been retained in the item wording

Table 3  Codes, definitions, number of times code was applied, and illustrative participant responses regarding attitudes about the 
use of PGT

PGT Preimplantation genetic testing
a  Out of 38 total responses

Code Definition Numbera Illustrative Participant Response

Personal philosophy Individuals describe a personal philosophy 
or belief system (e.g., acceptance, embrac‑
ing uncertainty, personal boundaries) that 
justifies their reproductive decisions

13 “Life is what it is. You take the good with the 
bad!” [ID 14]

God, religion, and morality Individuals discuss a trust in God and/
or how the use of PGT may violate their 
religious or moral beliefs

10 “I believe in trusting God. If my children have it 
then I will know how to handle it.” [ID 20]

Eliminate mutation Individuals describe the benefit of prevent‑
ing or eliminating a pathogenic mutation in 
future generations from use of PGT

9 “Stopping the transmission of the mutation to 
next generation.” [ID 18]

Minimizing suffering or anxiety Individuals describe a benefit of minimizing 
personal or children’s suffering and anxiety 
from use of PGT

5 “I think if you can help your children to avoid 
the pain of cancer, then one should do it. 
Especially for your children.” [ID 9]

Personal preferences for family and repro‑
duction

Individuals describe their personal values 
and preferences regarding reproduction and 
having biological children

5 “I would have either adopted or not had 
children.” [ID 12]

Concerns about safety and technology Individuals express concerns about the 
safety or accuracy of genetic/reproductive 
technology

4 “Sometimes results may be a false positive, my 
brother took the gene test and every time the 
result was different 3–4 times.” [ID 1]

Cost Individuals describe costs and financial 
implications of PGT

2 “Cost, safety for embryos.” [ID 17]

Age Individuals describe their age as a factor in 
their decisions about PGT and reproduction

2 “Because we are too old.” [ID 4]

Improving health Individuals express a benefit of improved 
health for children from PGT

2 “Longer, disease-free (hopefully) life.” [ID 15]

Knowledge Individuals express a benefit of improved 
knowledge from PGT

1 “Knowledge.” [ID 14]



Page 8 of 13Shah et al. Hereditary Cancer in Clinical Practice           (2022) 20:31 

reproductive decisions. Overall, participants were gen-
erally satisfied with the quality of their lives, with 81% 
reporting that they were “quite a bit” or “very much” 
satisfied.

Qualitative analysis revealed a range of ways in which 
HDGC had an impact on the lives of study participants 
(Table  4). Many described the effects of HDGC on 
their reproduction choices and outcomes, predomi-
nantly in terms of choosing against having biologi-
cal children or seeking information or reproductive 
technologies to minimize risks to offspring. Many 
participants also described effects on their social rela-
tionships and functioning, including adverse impacts 
on work decisions and roles, strains on romantic rela-
tionships, and influencing topics of conversation with 
family and friends. Participants also described changes 
in their cancer screening, prevention, and health behav-
iors that were attributable to their diagnosis of HDGC 
syndrome. Several participants discussed the ways in 
which HDGC affected their overall health, including 
their physical and cognitive functioning. Participants 
also expressed concerns about children, namely involv-
ing their physical and emotional well-being, which 
arose because of HDGC syndrome. Finally, several 
participants described the implications of HDGC for 
their emotional distress, noting that they had experi-
enced increased anxiety, worry, and depression.

Discussion
This study evaluated attitudes of individuals with 
CDH1 variants towards PGT and their perceptions of 
how HDGC affects their overall quality of life. The inte-
gration of quantitative and qualitative data revealed 
several key findings. Although most participants had 
previously heard of PGT, few had considered using 
this technology. Most participants already had bio-
logical children, and very few wanted any or more bio-
logical children in the future. Nonetheless, PGT was 
frequently identified by participants as acceptable for 
use in a variety of contexts. For instance, almost all par-
ticipants found it acceptable for healthcare providers to 
discuss PGT with individuals with CDH1 variants and 
a majority also believed PGT was acceptable for condi-
tions occurring in childhood or for families with CDH1 
variants. Most also displayed a high degree of inter-
est in additional information about PGT. These find-
ings are consistent with and further support previous 
literature that demonstrates overall acceptability and 
utility of PGT amongst the general public [29], and sug-
gest that guidelines that include a recommendation for 
reproductive counseling as part of the management of 
patients with CDH1 variants could be well received [30].

Although participants often expressed a willingness to 
discuss PGT with at-risk relatives, their views were less 
consistent regarding their personal use of PGT. Amongst 

Fig. 2  Participant perceived impact of HDGC on quality of life
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the few participants considering having a biological child 
in the future, participants were divided between being 
either very likely or very unlikely to personally use PGT. 
Attitudes about hypothetical use among those partici-
pants who had completed their families were more var-
ied, although a slight majority expressed a likelihood to 
have used PGT if it had been available to them. Previous 
research on the reproductive concerns of females with 
BRCA1/BRCA2 variants (of whom 61% had biological 
children and 47% were unlikely to have more children) 
demonstrated that individuals may possess a high degree 
of concern regarding mutational status or exhibit inter-
est in PGT, but ultimately have strong mixed views on 
their own adoption of PGT [31]. The investigators noted 
that due to these concerns, only 13% of respondents were 
interested in using PGT to select embryos without the 
familial BRCA1/BRCA2 variant. Additionally, respond-
ents without children were more likely to consider using 
PGT and other available assisted reproductive methods 
than those with children. Consistent with this previ-
ous research, the present findings suggest that although 
reproductive counseling may have the most impact for 
people without children and/or those considering chil-
dren, there may also be benefits to discussing this topic 
with all CDH1 carriers given their generally high level of 
willingness to discuss PGT with family members, which 
may in turn affect familial reproductive decision-making.

Inductive qualitative analysis further revealed that par-
ticipants with CDH1 variants had a personal philosophy 
or belief system that guided their disposition towards 
PGT. This belief system frequently referenced the influ-
ence of spirituality or morality, and participants often 
had concrete personal values and preferences about 
reproduction that informed their perspectives on the 
benefits and drawbacks of PGT. These findings are con-
sistent with a narrative review of the literature about 
patient attitudes and decision-making factors regarding 
PGT, which found that a complex set of themes includ-
ing concrete, personal, and ethical factors influence 
decision-making [32]. Major themes identified amongst 
patients included moral judgments such as personal atti-
tudes on the moral status of an embryo and the moral 
acceptability of PGT. Some patients reported a sense of 
responsibility to utilize PGT and others reported feelings 
of conflict with their personal ethics or a sense of “play-
ing God.” Additionally, patients frequently considered the 
use of PGT through the lens of value-based judgments 
and preferences both as individuals and as couples. This 
review also highlighted a limitation of past work in terms 
of the lack of a mixed-methods data collection approach. 
Our research, integrating quantitative and qualitative 
survey data, begins to address this gap in the literature 

and corroborates the conclusions drawn from this 
review. Given the strong impact that these factors have 
on patient preferences for PGT, these findings highlight 
the need for recognizing and integrating patient attitudes 
and value-based preferences into the counseling and care 
that genetic counselors and other healthcare providers 
deliver to individuals with CDH1 variants.

Participants viewed the main benefits of PGT to be 
the potential elimination of variants like CDH1 and the 
minimization of suffering and anxiety. Primary disad-
vantages and barriers to PGT included concerns about 
safety and technology, and two participants expressed 
concerns regarding costs of the technology. This result 
contrasts with research indicating that cost is of consid-
erable concern amongst those who engage in PGT [32, 
33], and may be due to relatively few participants in our 
sample actively considering having biological children 
in the future and thus having less knowledge or consid-
eration of the financial and logistical implications of PGT. 
Research does indicate that these concerns are evolving 
[34] and may constitute less of a barrier to PGT imple-
mentation as knowledge regarding PGT increases, costs 
and accessibility improve, and the perception of PGT 
shifts from an unknown and futuristic procedure to a 
known diagnostic tool in reproductive decision-making. 
Together, our findings and those of previous qualita-
tive studies [34] demonstrate the utility of a concerted 
effort amongst clinicians, genetic counselors, and other 
healthcare providers to be prepared to discuss both the 
personal and practical aspects of PGT with patients 
with appreciation for the complexity of decision-making 
for those considering assistive reproductive measures. 
Additionally, established guidelines from professional or 
institutional entities that acknowledge these nuances are 
likely to be effective aides for providers working with this 
patient population [35].

Important conclusions regarding the broader impact 
of HDGC on patients’ quality of life can also be drawn 
from this study. Although a large majority reported sat-
isfaction with their lives, most participants did report 
some degree of worry regarding their likelihood of 
developing gastric or breast cancer. Participants fre-
quently asserted that HDGC had some effect on their 
lives and decisions, with qualitative data most often 
describing implications for a variety of social situations, 
cancer screening and prevention, and general health 
behaviors. Half of the sample also noted an impact of 
HDGC on reproductive decision-making, including 
direct and indirect implications for relationship func-
tioning, preferences against having biological children, 
and motivations to prevent suffering in future genera-
tions. Past research has demonstrated that knowledge 
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of a potential or actual HDGC diagnosis and/or CDH1 
variant can affect decision-making with regards to 
health and social behaviors including reproductive 
choices [36]. Additionally, many participants expressed 
guilt related to HDGC syndrome affecting their fami-
lies. Qualitative data further highlighted the presence 
of emotional distress and concern for children and 
families. These findings are similar to those of Hallow-
ell et  al. [36], whose research sought to examine deci-
sion-making regarding prophylactic total gastrectomy 
amongst individuals at high-risk for HDGC. These indi-
viduals reported feelings of guilt related to HDGC syn-
drome and their families, as well as an increased family 
burden.

Strengths and limitations
The cross-sectional design of this study allowed for a 
“snapshot” perspective into the minds of patients with 
CDH1 variants, and the high response rate indicated 
participants were willing to openly share their feelings 
regarding PGT and HDGC. Limitations of this study 
include reliance on investigator-designed measures, a 
relatively small sample size that prevented more com-
plex statistical analyses, and the age of the data collected 
and used for analysis. Data were collected from registry 
participants in 2014, and as such, their responses may 
not reflect recent advances in awareness and access to 
resources like PGT or enhanced CDH1 surveillance 
methods. Participants were also predominantly white, 
well educated, married, cancer-affected, female, and their 
views may not accurately reflect the larger population of 
interest. Additionally, participants were recruited from 
an Early Onset and Familial Gastric Cancer Registry, and 
as such, these results may not be translatable to those 
who have a genetic diagnosis but no personal or famil-
ial history of HDGC. Patients in this setting (e.g., those 
with incidentally identified CDH1 variants from use of 
MGPT) may have a different risk profile, and associated 
management and prophylactic considerations compared 
to our study sample. These differences may alter atti-
tudes and perceptions towards the possibility of passing a 
CDH1 pathogenic variant to their children and the use of 
PGT as a prophylactic measure.

Lastly, it is important to acknowledge that our sam-
ple (M = 51.4  years old) may not reflect the typical age 
of patients considering future reproduction. Our sample 
included only two individuals actively considering future 
reproduction, and while many participants (n = 15) 
already had biological children, most respondents offered 
their hypothetical and/or retrospective perspectives on 
PGT and reproductive decision-making.

Future research
Future research would benefit from a validated, struc-
tured instrument for evaluating PGT decision-making 
[32], and should recruit a large, diverse sample of patients 
at risk of HDGC who are considering having biological 
children. Future research could also explore the varia-
tion that appears to exist within patients’ attitudes for the 
use of PGT and reproductive technology for members of 
society, their families, and themselves, and further exam-
ine how reproductive decisions are contextualized within 
the broader set of decisions regarding health behaviors 
faced by individuals with CDH1 variants. Future stud-
ies could further evaluate attitudinal disposition towards 
PGT through the lens of patients’ belief systems, includ-
ing their religious, moral, and family frameworks. Given 
research suggesting that individuals’ opinions about the 
personal use of PGT may be a function of age [34], such 
efforts should also examine how age and the varying 
social perceptions that come with age affect individuals’ 
varying perspectives and practices regarding the personal 
use of PGT, the use of PGT by family members, as well 
as contrasting perspectives on HDGC and quality of life 
evident in this study and previous research. Together, 
such efforts would provide a more nuanced understand-
ing of the barriers to PGT and complexities of reproduc-
tive decision-making, as well as the larger implications 
of HDGC on quality of life for individuals and families 
affected by this syndrome.

Conclusion
Among patients with CDH1 variants, PGT was identi-
fied as acceptable for use in a variety of contexts. Familial 
concerns shape not only patients’ reproductive decisions, 
but also have implications for their quality of life as they 
navigate their elevated cancer risks. Reproductive coun-
seling involving PGT may have benefits that extend 
beyond CDH1 carriers to help inform or shape their fam-
ily members’ reproductive behaviors. These findings can 
help guide providers counseling individuals with CDH1 
variants.
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