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Abstract

Background: Germline mutation of CDH1 is rare and leads to hereditary diffuse gastric cancer 

(DGC).

Methods: Patients (pts) with CDH1 mutation who underwent multidisciplinary counseling 

followed by open prophylactic total gastrectomy (PTG) by a single surgeon were reviewed.

Results: Fifty-four pts with a median age of 41 years (16–70 years) underwent PTG between 

2006–2021. Median operative time was 161 minutes, and median hospital stay was 7 days 

(range 6–12). There were 5 complications (9.2%) within 30 days, and two complications 

(pulmonary embolism and pancreatitis) required readmission. There were no anastomotic leaks. 

The pathologic analysis of the first 10 pts included the entire gastric mucosa, revealing a median 

of 15 foci of DGC (range 5–136). The subsequent 44 pts with more limited analysis had a median 

of 2 foci (range 0–5), and two pts (3.7%) had no foci identified. Median maximum weight loss 

was 19%. In long-term follow-up (median 4.6 years) of 20 pts, median global QOL was 2.0 (very 

good), the majority had persistent difficulty with certain foods or liquids, and all stated they would 

again elect PTG over surveillance endoscopy.

Conclusions: PTG can be performed safely at high-volume referral centers with very good QOL 

but nutritional sequelae persist.
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INTRODUCTION

Gastric cancer is the third highest cause of cancer death worldwide with over one million 

new cases diagnosed annually leading to more than 750,000 deaths 1. The incidence is twice 

as high in males than in females 2. The major risk factor of gastric cancer is infection 

with Helicobacter pylori (H. pylori), which can colonize the stomach early in life and 

cause chronic inflammation that over years or decades leads to gastric intestinal metaplasia, 

dysplasia, and eventually adenocarcinoma 3. H. pylori infection and gastric cancer incidence 

vary widely in different regions with the highest rates in East Asia, Eastern Europe, and 

South America 1.

In 1965, Lauren described two distinct histological subtypes of gastric adenocarcinomas, 

intestinal and diffuse 4. The intestinal type exhibits components of glandular, solid, 

or intestinal architecture as well as tubular structures. The diffuse type demonstrates 

single cells or poorly cohesive cells with intracytoplasmic mucin (a.k.a. signet ring cells) 

infiltrating the gastric wall, and progressive disease can ultimately lead to linitis plastica 

(a.k.a “leather bottle” stomach).

It is estimated that 90% of gastric cancer cases arise in the sporadic setting, whereas 

familial clustering is observed in the remaining 10% 5. Early onset familial gastric cancer 

was first described in three families of Maori descent from New Zealand in 1964 6. In 

1998, Parry Guilford and colleagues published their study of early onset diffuse gastric 

cancer in a large Maori kindred in New Zealand. They carried out genetic linkage analysis 

and found significant linkage to markers flanking the CDH1 gene, which encodes for 

E-cadherin, and sequencing found a mutation in CDH1 leading to a truncated gene product 
7. This group subsequently identified additional germline mutations in the CDH1 gene 

associated with familial gastric cancer. Hundreds of pathogenic CDH1 germline mutations 

have subsequently been identified in diffuse gastric cancer families in multiple different 

countries 8.

The original estimates of lifetime risk of developing HDGC in individuals with germline 

CDH1 mutation were up to 70% or greater 9,10. However, this estimate of lifetime risk was 

subject to ascertainment bias, as most identified cases were derived from kindreds with high 

burden of HDGC amongst multiple family members. As additional kindreds with weaker 

phenotypic expression (lower penetrance) have been reported among individuals undergoing 

germline CDH1 testing for conditions other than diffuse gastric cancer, the risk estimates for 

HDGC in the setting of germline CDH1 mutation have declined. Currently, the lifetime risk 

of HDGC in individuals with germline CDH1 mutation is estimated at 37–42% for men and 

25–33% for women 11,12. Females with germline CDH1 mutation also carry a 39–55% risk 

of developing lobular breast cancer.

Pathological evaluation of prophylactic gastrectomy specimens in HDGC patients has been 

characterized by one or more microscopic infiltrates of signet-ring cell carcinoma that 

underlie normal appearing mucosa 13. This feature limits the use of conventional white-light 
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endoscopy as a potentially screening modality in high risk patient populations that carry 

pathogenic variants in the CDH1 gene.

Individuals with germline pathogenic CDH1 mutations face difficult decisions with 

respect to cancer screening and risk reducing surgeries and benefit most from evaluation 

at referral centers with expertise in this rare condition. These referral centers should 

have a multidisciplinary team of genetic counselors, gastroenterologists, dieticians, 

surgical oncologists, breast surgeons, plastic surgeons, and pathologists. Prophylactic 

total gastrectomy can be offered to individuals with pathogenic germline CDH1 variants 

generally starting at 20 years old. The rates of morbidity and even mortality following total 

gastrectomy correlate with surgeon volume and institution volume 14. Thus, prophylactic 

total gastrectomies are best performed at high-volume gastric cancer referral centers. Here 

we report our experience of CDH1 gene mutation carriers undergoing prophylactic total 

gastrectomies by a single surgeon at two different gastric cancer referral centers over a 

15-year period.

METHODS

Patients

All patients with germline CDH1 mutations who were referred to a single surgeon (S.S.Y) 

and underwent prophylactic total gastrectomy between April 2006 and June 2021 are 

included in this series. Most patients were evaluated before surgery by a multidisciplinary 

team that included a genetic counselor, gastroenterologist, dietician, and surgical oncologist. 

Those that did not see all team members declined certain consultations. A complete history 

and physical examination were performed, CDH1 mutation genetic testing records were 

obtained, and prior endoscopy reports and other relevant diagnostic studies were reviewed. 

Patient information was entered into a prospective database and included demographics, 

pre-operative height, weight, body mass index (BMI), detailed family history of gastric 

and breast cancer, pre-operative clinical investigations, operative details, pathological 

assessment, length of stay, and complications (≤30 days and >30 days).

The Institutional Review Boards approved this study, and informed consents were obtained 

preoperatively from all patients. The majority of patients agreed to be contacted for future 

inquiries, and these patients were last contacted between August and November of 2021 for 

follow-up information.

Prophylactic total gastrectomy

Prophylactic total gastrectomy was performed using an open technique via an upper midline 

incision. In order to ensure complete removal of all gastric mucosa at risk for malignant 

transformation, the proximal gastric division was performed at least 1 cm above the squamo-

columnar junction and the distal division across the duodenum was performed at least 2 

cm beyond the pylorus. The total gastrectomy generally incorporated all or portions of 

perigastric lymph node stations 1–6 15.

Reconstruction was performed with a Roux-en-Y esophagojejunostomy with a 50–60 cm 

Roux retrocolic Roux limb. The anastomosis technique between the end of the esophagus 
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and jejunum changed over time. The first 10 anastomoses were hand-sewn in two layers 

as previously described 16. Subsequent anastomoses were performed using an EndoGIA 

Ultra linear stapler (45 mm purple load) between the posterior wall of the esophagus and 

the anti-mesenteric wall of the Roux limb, and the common enterotomy was closed with 

interrupted 3–0 silks sutures as previously described 17. In four cases, large body habitus or 

hiatal hernia did not allow for this linear anastomosis so the Orvil anvil combined with an 

EEA circular stapler were used 18.

For pathologic analysis of the first ten operations, the entire stomach was fixed in formalin, 

and the entire mucosa was mapped and examined microscopically. This required a median 

of 340 sections and up to 470 sections 19,20. Subsequently, more limited analysis of the 

gastric specimen was performed In general, an initial limited analysis of gastric mucosa was 

performed to identify one or more foci of diffuse gastric cancer; more extensive analysis was 

only performed if one or more foci of diffuse gastric cancer were not discovered on initial 

analysis.

Post-operative Follow-up

Recommended follow-up for patients was clinic visits every 3–6 months for 12 months and 

annually thereafter. All patients were started postoperatively on a daily multivitamin with 

iron and monthly injections of vitamin B12 or sublingual vitamin B12. At each clinic visit, 

patients had their weight recorded; blood tests included a CBC, chemistry panel (including 

electrolytes, BUN, creatinine, liver functions test, and calcium), vitamin B12 level, vitamin 

D, and iron studies. The majority of patients were from out-of-state and elected to do their 

follow-up appointments locally with their primary care physician or other physicians.

To evaluate long-term outcomes, patients were contacted in the fall of 2021 and asked to 

complete a questionnaire that included 30 questions that we developed (see Supplemental 

Materials).

RESULTS

Patients

Fifty-four patients from 25 different families with known CDH1 mutations were referred to 

a single surgeon (SSY) for prophylactic total gastrectomy from 2006 to 2021. There were 35 

females and 19 males with median age of 41 years (range 16 to 70 years). The first patient 

to undergo prophylactic total gastrectomy for germline CDH1 mutation at our institution has 

been previously described 21. Figure 1 demonstrates the pedigree of the first patient who 

underwent prophylactic total gastrectomy in this cohort.

Mutations

Table 1 summarizes the kindred, age, gender, and mutation type of all 54 patients with 

pathogenic CDH1 variants. There were 25 families or kindreds. Four families (12%) were 

identified as harboring missense mutations (with one of these missense mutations at the start 

codon), 2 families (12%) had splice site mutations, and 4 families (16%) were identified 

with large deletions. Another nine families (36%) carried insertions and deletions that 

Stillman et al. Page 4

J Surg Oncol. Author manuscript; available in PMC 2023 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



resulted in frameshift mutations, which in turn created premature stop codons in CDH1 and 

produced truncated E-cadherin protein. Finally, six families (24%) harbored single base pair 

substitutions that resulted in nonsense mutations. Thus, the majority of patients in this cohort 

had insertion/deletion (indel) mutations in CDH1.

Thirteen families/kindreds had only one patient undergo prophylactic gastrectomy. The 

remaining 14 families/kindreds had between 2 and 7 members undergo prophylactic 

gastrectomy.

Preoperative studies

All patients had an upper endoscopy with multiple, random biopsies obtained prior to 

prophylactic surgery and no gastric masses were identified. Eight patients (15%) were found 

to have one (n=6), two (n=1), or three (n=1) microscopic foci of diffuse gastric cancer 

on surveillance biopsies. Eleven patients had pre-operative CT scans, all of which were 

unremarkable.

Prophylactic gastrectomy

The interval between genetic testing and identification of CDH1 positive gene carrier 

status and gastrectomy was a mean of 15.8 months (median of 5.3 months; range of 

1.2–82.5 months). All 54 patients underwent prophylactic total gastrectomy by a single 

surgeon (SSY). The median operative time for all patients was 161 minutes (range 116–

308 minutes). The initial 10 patients underwent surgery with a senior surgical resident as 

the assistant and with a hand-sewn anastomosis, leading to a median operating time of 

245 minutes (range 187–308). The subsequent patients underwent surgery with a surgical 

oncology fellow as the assistant and with a stapled anastomosis, leading to a median 

operating time of 157 minutes (range 116–188). Median blood loss was 100 ml (range 

25–1000), and no patient received a blood transfusion.

Histologic Results

The pathological analysis of the surgical specimens changed during the course of this 

series. For the first 10 patients, the pathological analysis has been previously described 20. 

In summary, the entire gastric mucosa was embedded into 120–252 blocks and examined 

in up to 490 sections. Microscopic foci of adenocarcinoma were divided into signet ring 

cell carcinoma in situ (SCI, Tis), intramucosal adenocarcinoma (IMC, T1a). The median 

number of cancer foci was 15 (range 5–136). The subsequent 44 patients had a more limited 

pathological analysis of the gastrectomy specimen. The median number of foci of early (Tis 

or T1a) diffuse gastric cancer was 2 (range 0 – >15). Two patients (3.7%) had no foci of 

gastric cancer identified. Figure 2A shows the relationship between patient age and number 

of cancer foci. The Pearson correlation coefficient for age and number of foci for all patients 

is 0.024, for the initial 10 patient with more extensive pathologic analysis is 0.025, and for 

the subsequent 44 patients is 0.011. Thus, there is little or no correlation between age and 

number of foci.
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Postoperative outcomes

Contrast study of the esophagojejunal anastomosis was generally performed 3–4 days 

following surgery in 49 of 54 patients, and all studies showed no anastomotic leak. None 

of the 54 patients, including the 5 patients that did not have a contrast study, developed 

an anastomotic leak. Patients were generally started on sips of clears on postoperative day 

(POD) 3–4, clears ad lib on POD 4–5, and a mechanical soft diet on POD 6. Pain control 

generally was maintained initially with an epidural catheter, and patients were transitioned to 

oral pain medication once the patient was tolerating liquids. Median hospital stay was 7 days 

and the range was 6–12 days.

Early complications identified within 30 days of surgery were observed in 5 subjects (9.2% 

of patients) where two required hospital re-admission. One patient was discharged on POD 

7 and returned 2 days later with a pulmonary embolism. The patient was admitted for 

anticoagulation. One patient was discharged on POD 8 and returned on POD 16 with 

mild pancreatitis that resolved with medical management. The other three complications 

included one patient with a urinary tract infection requiring antibiotics and two patients with 

superficial incision cellulitis that resolved with antibiotics. There was one possible case of 

anastomotic stricture. This patient underwent one dilation of the esophagojejunostomy a few 

months after surgery at a local institution but his symptoms were subsequently determined 

likely to be secondary to either esophageal dysmotility or Roux limb stasis rather than 

stricture.

None of these patients had a jejunostomy feeding tube placed at the time of surgery. One 

patient required subsequent placement of a percutaneous jejunostomy tube (PEJ). This 

patient was 21 years old woman when she had her surgery, and initially had poor oral intake 

after surgery which was slow to improve. A PEJ was placed about 2 months after surgery 

and remained in place until 7 months after surgery, at which point the patient was able to 

maintain her weight without tube feeds. No patient required parenteral nutrition.

Four patients (7.4%) experienced late complications (>30 day) of surgery that required 

surgical intervention. Two years following prophylactic total gastrectomy, one of these 

patients (Patient #1) presented to the emergency department with significant abdominal 

pain and bilious emesis and imaging was suspicious for small bowel intussusception at the 

jejunojejunostomy. Exploratory laparotomy confirmed a jejuno-jejunal intussusception that 

required resection and reconstruction. Patient #19 presented 8 months after gastrectomy with 

a small bowel obstruction requiring laparotomy at an outside hospital. Patients #22 and #53 

developed incisional hernias and had laparoscopic repairs with mesh placement 1.5 years 

and 8 months after gastrectomy, respectively.

Weight loss

Figure 2B shows the median weight of patients at various time points. Prior to surgery, the 

median weight was 75.4 kg (68 kg for women, 84.4 kg for men) and the median BMI was 

25.6 (25.3 for women, 26.6 for men). Follow-up weight was available in 42 patients. The 

median percentage of maximum weight loss, compared to preoperative weight, was 19% 

(range 0–39%). The lowest weight was reached 1–10 months after surgery with a median 
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of 3 months. Long term follow-up (2–15 years) weight was available in 21 patients, and 

long-term weight was a median of 15% less than the preoperative weight. Thus, the average 

patient gained back 4% of their original weight loss.

Long-term outcomes

To evaluate long-term outcomes, patients were contacted in the fall of 2021 and asked to 

complete a 30 question survey. Many patients could not be contacted due to missing current 

contact information or did not return the questionnaire. Of 54 patients, 20 patients (37%) 

responded. The median time from surgery to completion of the survey was 55.5 months 

(range 30–182 months). The median age of respondents was 50 years old (range 24–74 years 

old), and there were 10 women and 10 men. No patient suffered a recurrence of gastric 

cancer. Using the Centers for Disease Control and Prevention health-related quality of life 

instrument 22, the median response was 2.0 (very good) (Fig. 2C). Three patients answered 1 

(excellent), eight patients answered 2 (very good) to 2.5, three patients answered 3 (good) to 

3.5. No patient answered 4 (fair) or 5 (poor). Five of 20 patients (25%) reported symptoms 

that interfered with quality of life including frequent or urgent bowel movements (n=1) and 

fatigue (n=3).

Median size of meal compared to a preoperative normal meal was a median of 75% (range 

25–100%). Median number of meals and snacks per day were 3.0 (range 2–8) and 3.0 (range 

1.5–6), respectively (Fig. 2C). All but one patient had problems with certain foods or liquids. 

Common difficult foods or liquids included dairy, water, sugar or carbohydrate rich foods, 

fried foods, and certain vegetables. Seven patients (37%) reported episodes of heartburn 

while 3 patients (16%) had problems with bowel movements (e.g. diarrhea or constipation).

All patients were instructed after surgery to take a multivitamin with iron orally and vitamin 

B12 either parenterally or sublingually for life. All patients were still getting routine blood 

work every 3–12 months. Four patients had stopped the multivitamin and two patients had 

stopped vitamin B12 because their blood tests found no deficiencies off these supplements. 

Sixteen of 20 patients (80%) described taking additional vitamins or supplements including 

calcium, vitamin D, iron infusions, and vitamin C. The majority of these vitamins and 

supplements were recommended by physicians after blood testing.

Thirteen patients (65%) had persistent symptomatic issues with abnormal blood sugar levels 

years after surgery. Seven patients still had low blood sugar after eating, 3 had high, and 3 

had both. Three patients reported other gastrointestinal issues including colitis (n=1), poor 

esophageal motility (n=1), and pancreatic insufficiency (n=1).

Non-gastrointestinal medical conditions developed after surgery in several patients. This 

included hypertension (n=1), anxiety/depression (n=1), and osteopenia (n=4). Five patients 

had subsequent non-orthopedic major surgeries including prophylactic mastectomies (n=3) 

and cholecystectomy (n=2).

In response to the question “If you had to do it all over again, would you choose 

prophylactic total gastrectomy or screening endoscopies?” all 20 respondents answered 

prophylactic total gastrectomy. Patients were also given the opportunity to include any 
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additional comments. Two patients stated that increased nutrition support would have been 

helpful. One patient commented that increased mental health resources would have been 

helpful.

DISCUSSION

It has been more than 20 years since the discovery that germline pathogenic variants in 

the CDH1 gene cause hereditary diffuse gastric cancer 7. There are few published series 

on prophylactic total gastrectomy for germline CDH1 mutation given the rarity of this 

mutation and even fewer studies providing long-term follow-up of these patients following 

gastrectomy. Herein, we describe 54 patients with germline CDH1 pathogenic mutations 

who underwent prophylactic total gastrectomy. All but one patient had a strong family 

history of gastric cancer. Pre-operative endoscopy identified one or more foci of microscopic 

diffuse gastric cancer in only eight patients (15%). Following prophylactic total gastrectomy, 

patients were hospitalized for a median of 7 days. There were no anastomotic leaks in any 

subject, and the 30-day complication rate was 9.2%. Pathological analysis of gastrectomy 

specimens identified one or more foci diffuse gastric cancer in 52 patients (96.3%), and thus 

only 2 patients (3.7%) had no foci of diffuse gastric cancer identified. Median weight loss 

was 19%, with a weight nadir on average at three months. In long-term follow-up of 19 

patients, quality of life was good to excellent, and most patients had persistent issues with 

meal size and certain foods or liquids.

The International Gastric Cancer Linkage Consortium (IGCLC) has published consensus 

management guidelines and indications for genetic testing in individuals suspected of having 

HDGC 23. Family criteria include: (1) two or more cases in family regardless of age, with at 

least one DGC, (2) one or more case of DGC at any age, and one or more case of lobular 

breast cancer at age <70 years old, in different family members, (3) two or more cases of 

lobular breast cancer in family members <50 years old. More recent modifications have 

further expanded these criteria 24. Individuals who meet criteria should be provided genetic 

counseling and tested for germline mutations in CDH1 as well as CTNNA1 and PALB2 
which are genes also associated with diffuse type gastric cancer 25–27.

In this series, the majority of patients had insertions and deletions (indels) mutations in 

CDH1, which is consistent with larger population data. In published reports, pathogenic 

CDH1 mutations have been identified throughout the gene, including all 16 exons as well 

as introns 8,28. Small indels nonsense mutations, splice site mutations, large exon deletions, 

and missense mutations have all been reported, with the most common type of mutation 

being indels, as 38% of identified pathogenic CDH1 mutations are indels 28,29. Nonsense 

mutations account for 17% of known mutations, and splice site mutations, large deletions, 

and missense mutations make up 21%, 9%, and 16% of identified mutations, respectively 
29. The effect of missense mutations is controversial, as often times E-cadherin full-length 

protein is produced and expressed at normal levels even in the presence of a germline CDH1 
missense mutation 29. Furthermore, phenotypic expression has not been shown to correlate 

with the type of mutation, or its location in CDH1, highlighting a need for further research 

on the function of CDH1 mutations 8,28,29.
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Individuals with a germline CDH1 mutation have a lifetime risk of developing HDGC of 

37–42% for men and 25–33% for women, and the mean age of developing a gastric cancer is 

47 years old 11,12. The risk of developing gastric cancer may vary in each family depending 

on how many gastric cancer cases have been found. Roberts et al. estimated the risk in 

families with 3 or more gastric cancer cases as 64% in men and 47% for women [11]. This 

risk decreased to 27% for men and 24% for women in families with 2 or less gastric cancer 

cases.

Prophylactic total gastrectomy is often recommended for healthy CDH1-positive individuals, 

however, the optimal age for prophylactic surgery is debated. The International Gastric 

Cancer Linkage Consortium (IGCLC) states “Where possible, surgery is recommended 

in early adulthood, generally between 20 and 30 years of age” 23. For those undergoing 

screening endoscopic evaluation, the Cambridge method involves a minimum of 30 random 

biopsies from 5 separate areas of the stomach which can detect occult signet ring cell 

carcinoma foci in up to 61% of patients 30,31. Since 90% or more of those with germline 

CDH1 mutation will have one or more microscopic foci of diffuse gastric cancer on 

prophylactic total gastrectomy 24, the clinical significance of such foci on random biopsy is 

unclear. Early foci of diffuse gastric cancer in HDGC patients is characterized by infiltrates 

of signet ring cells that underlie normal-appearing mucosa 13. In our series, preoperative 

endoscopy with random biopsies identified occult foci of diffuse gastric cancer in 15% of 

patients. The ability of serial screening endoscopies to identify clinically significant diffuse 

gastric cancer is unknown. In one study of CDH1-positive individuals who underwent 

endoscopic screening, there were 22 patients who underwent more than one endoscopy 32. 

Twelve patients ultimately had surgery, 11 had stage 0 or IA disease, and one patient had 

stage II (T3N0M0) disease.

The creation of the esophagojejunal anastomosis after total gastrectomy can be technically 

demanding, and reconstruction-related complications such as anastomotic leak and stricture 

account for a significant proportion of post-operative morbidity 33,34. In a retrospective 

review of adverse events within 90 days of total gastrectomy for 238 non-CDH1 patients 

with gastric cancer, esophagojejunal anastomotic leak requiring invasive intervention 

occurred in 11% of patients 33. Even among the usually younger and healthier CDH1-

positive individuals that receive prophylactic total gastrectomy, esophageal anastomotic leak 

rates between 8–26% have been reported 35–39. Anastomotic stricture rates of up to 21% 

have been reported following esophagojejunostomy with the highest rates occurring with 

circular staplers 40. In this series of 54 patients, there were no anastomotic leaks and one 

possible anastomotic stricture.

The early and late postoperative morbidity in this series of patients compares favorably 

with other series. In one surgical series from Newfoundland, Canada, 23 patients underwent 

prophylactic total gastrectomy 36. In this series, 3 patients with venous thromboembolism, 2 

had anastomotic leaks, and 1 had an intra-abdominal abscess. One patient was hospitalized 

for 107 days. In a series of 101 CDH1-postive patients, the 30-day major complication 

rate was 16%, the 30–90 day major complication rate was 18%, and one patient died from 

multi-system organ failure 41. A final study from the Netherlands observed complications 

in 8 of 26 CDH1-postive patients (31%), 5 of whom required surgical intervention within a 
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year of surgery 42. Thus even at gastric cancer referral centers with significant experience, 

there can be significant complications from this type of prophylactic surgery.

Numerous studies have demonstrated a relationship between morbidity/mortality after 

gastrectomy and hospital volume as well as patient health. One retrospective review of 

29,599 US National Cancer Database (NCDB) patients with gastric cancer found that, while 

only 7.8% of patients were treated at a high volume hospital (in this study defined as 17 

or more cases per year), those that did experienced a significantly lower 30-day mortality 

than those that underwent gastrectomy at a low-volume hospital (2.1% vs 3.5%, p<0.01) 43. 

Another study of 2733 gastric cancer patients in Texas observed lower in-hospital mortality 

for patients treated at high volume hospitals (0.9% and 2.6% for patients with and without 

comorbidities, respectively) than those at low volume hospitals (2.4% and 5.6%). High 

volume hospital patients also had lower rates of adverse events (7.3% and 18%) than 

low volume hospital patients (17.9% and 31%). In multivariate analysis, treatment at a 

high volume hospital strongly predicted lower inpatient morbidity (OR 0.56, p = 0.013) 

and mortality (OR 0.39, p=0.019) 44. In terms of patient health, a study by Ogata et al. 
found that the most important predictors of early and late mortality following gastrectomy 

were age, Eastern Cooperative Oncology Group performance status (ECOG-PS), Charlson 

Comorbidity Index (CCI), and psoas muscle mass index (PMI, an indicator of sarcopenia) 
45.

There are clear nutritional consequences following total gastrectomy, and thus routine 

laboratory testing and long-term follow-up are needed. Routine laboratory work should 

include a complete blood count (CBC), electrolytes, BUN, creatinine, and liver function 

tests. Total gastrectomy results in loss of intrinsic factor secretion, significantly impairing 

vitamin B12 absorption, and predisposes to iron malabsorption and deficiency Additionally, 

calcium and vitamin D absorption are also diminished. For total gastrectomy patients, we 

have always recommended that they take a multivitamin with iron orally and vitamin B12 

either by intramuscular injection (1000 mcg monthly) or sublingually (methylcobalamin 

1500 mcg daily) 46. Total calcium, albumin, ionized calcium, PTH, and 25-hydroxyvitamin 

D levels can be used to evaluate for calcium or vitamin D deficiency. In addition, bone 

mineral density can be tested. One can have normal calcium levels with low calcium 

absorption given the large endogenous supply of calcium in bones. For those at risk of 

calcium deficiency and osteoporosis, one can either increase consumption of calcium rich 

foods to 1,500 mg/day or take calcium citrate 1,200 to 1,500 mg per day in divided doses 47. 

Iron studies should be performed, and ferrous sulfate 200 mg (elemental iron 57 mg) three 

times per day can be added if there is iron deficiency. Fat malabsorption occurs in about 

10% of patients after gastrectomy and is more common when the duodenum is bypassed. 

This is due to alterations in gastric lipase secretions, exocrine pancreatic insufficiency, 

altered cholecystokinin release, pancreaticobiliary asynchrony, or small intestinal bacterial 

overgrowth (SIBO). This can lead to deficiencies in vitamins A, D, E, and K.

Post-operative issues such as early dumping syndrome (secondary to hyperosmotic 

carbohydrate loads) and diarrhea (secondary to rapid transit or malnutrition) occur to some 

degree in the majority of patients, and can be severe immediately following surgery but 

tend to improve over time 48,49. Dumping and diarrhea can improve over time and can 
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be alleviated with appropriate nutritional counseling and diet modification. Patients can 

also experience lactose intolerance, and bacterial overgrowth resulting in malabsorption and 

bloating can also occur. Patients are initially instructed to eat small amounts frequently over 

the course of the day, limit food and beverages high in sugar, avoid fried/ greasy foods, and 

focus on high protein foods. After several months, most patients are able to eat three small to 

moderate meals a day with snacks in-between.

Females with germline CDH1 mutation also carry a 39–55% risk of developing lobular 

breast cancer 11,12. Annual surveillance with breast MRI is thus recommended beginning 

at age 30 23. Lobular breast cancer often does not form a discrete mass or form 

microcalcifications so the utility of mammogram is lower than that for infiltrating ductal 

carcinoma 50. Bilateral risk-reducing mastectomies can also be considered. Three of the 35 

women in this series underwent bilateral risk-reducing mastectomies after their prophylactic 

total gastrectomy.

Given we are still relatively early in the experience regarding prophylactic total gastrectomy 

for germline CDH1 mutation, there remain certain unresolved issues. First, the timing of 

prophylactic surgery is still unclear. The earliest reported case of a germline E-cadherin 

mutation carrier developing gastric cancer is 14 years old, and the median age in developing 

clinically apparent gastric cancer is around 47 years old 11,12. In this series, the median age 

for prophylactic surgery was 41 years old and the range was 16–70 years old. Second, given 

that total gastrectomy is a significant undertaking, a more accurate ability to estimate risk 

may improve patient selection for prophylactic surgery and reduce the morbidity associated 

with gastrectomy in the individuals who will not ultimately develop gastric cancer. Third, 

there is an increasing number of individuals and families who are found to have pathogenic 

germline CDH1 mutation who have no family history of gastric cancer 27. These individuals 

and families likely have a lower risk of developing gastric cancer compared to kindred with 

gastric cancer, but the relative risk reduction remains unknown.

In summary, individuals with germline CDH1 mutation face complex decisions, and 

thus benefit from counseling from an experienced, multidisciplinary team. Prophylactic 

total gastrectomy for CDH1-positive individuals at risk for HDGC can be accomplished 

with acceptable short-term morbidity when performed at high volume gastric cancer 

centers. While prophylactic total gastrectomy results in permanent nutritional sequelae, all 

respondents to a survey years after surgery reported good to excellent QOL and would again 

choose surgery over surveillance endoscopies if given the choice again. Future research into 

this rare genetic syndrome may allow for better risk stratification and surveillance strategies, 

thus focusing prophylactic total gastrectomy toward the subset of CDH1-positive individuals 

who are at highest risk of developing a clinically relevant cancer.
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Refer to Web version on PubMed Central for supplementary material.
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Synopsis:

Individuals with germline CDH1 mutation face complex decisions, and thus benefit from 

counseling from an experienced, multidisciplinary team. Prophylactic total gastrectomy 

for CDH1-positive individuals at risk for HDGC can be accomplished with acceptable 

short-term morbidity when performed at high volume gastric cancer centers. While 

prophylactic total gastrectomy results in permanent nutritional sequelae, all respondents 

to a survey years after surgery reported good to excellent QOL and would again choose 

surgery over surveillance endoscopies if given the choice again.
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Figure 1. 
Pedigree of First Patient’s Family. Circles represent female family members, and squares 

male family members. The diamond represents the sex is unknown. Slashes indicate persons 

who have died, and the numbers beneath the circles or squares are age at death or age at the 

time the pedigree was created. The first patient is shown by the arrow. Modified from Chung 

DC et al. 21.
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Figure 2. 
A. Graph showing patient age and number of foci of cancer. B. Graph showing median 

weight of patients at various time points. C. Graph showing QOL measure. Bars represent 

standard deviation.
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