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Abstract: The management of hereditary diffuse-type gastric

cancer revolves around surveillance biopsies and the timing of

prophylactic gastrectomy. In the absence of a validated sur-

veillance biopsy protocol, we modeled bioptic diagnostic yield

on the basis of the topographic distribution of cancer foci in a

series of 10 gastrectomies in CDH1-mutation carriers. Complete

histologic examination was performed in all cases, and 1817

slides were evaluated for the presence of in situ, intramucosal, or

submucosal diffuse-type carcinoma. Detailed maps determined

the density of cancer foci. On the basis of the number of sampled

glands per biopsy in routine surveillance preoperative endos-

copy, we estimated the theoretical number of biopsies necessary

for a 90% rate of detection of neoplastic foci, and we evaluated

this number, taking into account the regional distribution of

these foci. A total of 96m of gastric mucosa with B1,193,453

gastric glands yielded 302 cancer foci [in situ (n=89), intra-

mucosal (n=209), and submucosal (n=4)] spanning the width

of a total of 1820 glands (8 to 1205 per case; average 182±115).

On the basis of the number of glands per stomach and the

average number of glands sampled during surveillance biopsy

(28.7±1.7; range, 0 to 79; n=112), the theoretical number of

biopsies necessary to capture at least 1 cancer focus was esti-

mated to be 1768 (range, 50 to 5832) to assure a 90% detection

rate. Mapping of cancer foci showed the highest density in the

anterior proximal fundus (37%) and cardia/proximal fundus

(27%). Our results argue for the incorporation of cancer focus

distribution into any biopsy protocol, although detection is

likely to remain extremely low, and they call into question the

validity of endoscopic surveillance.
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Gastric cancer is one of the leading causes of cancer-
related deaths worldwide. Although the majority of

cases are sporadic, about 10% of gastric cancers are
qualified as familial and related to several syndromes and
genes.1–7 Among these, approximately 25% to 40% of
families with an autosomal dominant pattern of heredi-
tary diffuse gastric cancer (HDGC) have germline muta-
tions in the CDH1 gene that encodes the epithelial cell
adhesion protein E-cadherin.8 In this cancer susceptibility
syndrome with a penetrance between 70% to 80%, the
cumulative lifetime risk of developing gastric cancer is
over 80% in both men and women by the age of 80,9 and
affected patients typically develop signet ring cell gastric
cancer before the age of 40.9–12

HDGC has been defined by the international gastric
cancer linkage consortium, and criteria for selection of
families for CDH1 mutational analysis have been estab-
lished13 (Table 1). Management currently revolves around
surveillance (with early detection and treatment of gastric
cancer) or prophylactic gastrectomy in young, asympto-
matic carriers of germline truncating CDH1 mutations
who belong to families with highly penetrant hereditary
gastric cancer.14 However, the optimal management of
individuals at risk is controversial; there is no proven
value in surveillance regimens, and prophylactic gastrec-
tomies are not devoid of potential morbidity and mor-
tality. Nonetheless, given that prophylactic gastrectomy is
the only known preventive treatment, strategies to opti-
mize timing of the operation are needed.

The preoperative diagnosis of early diffuse-type
gastric cancer is difficult because the tumor cells begin
infiltrating the mucosa while preserving a normal sur-
face epithelium, and rarely are any visible lesions spotted
endoscopically. Despite improvements in endoscopic
techniques,15–19 biopsy remains the gold standard for
cancer detection. Considerable interest in the detection of
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precursor lesions in HGDC has led to histologic identi-
fication of signet ring cell carcinoma in situ, as well as foci
of invasive signet ring cell carcinoma confined to the
superficial lamina propria typically without nodal meta-
stases (pT1a).11,20 Notably, there is wide variation in the
number and location of these foci both within families
and between HDGC kindreds, with average values of
over 100 to <20 foci (http://www.genetests.org).9,21–24

Recently, some authors have recommended that at least
24, and more recently 30, random endoscopic biopsies be
taken,12,25 but we are not aware of any systematic eval-
uation of these recommendations.

Herein, we provide data generated from mapping
and quantifying cancer foci in 10 consecutive gastrec-
tomies within a single institutional HDGC cohort. On the
basis of regional variation, we modeled a topographically
weighed biopsy protocol and determined theoretical de-
tection rates. Our findings indicate that although sur-
veillance endoscopy diagnosis will remain challenging,
incorporation of the cancer focus distribution may be a
helpful step in the development of an endoscopic sur-
veillance protocol for individuals with CDH1 mutations.

MATERIALS AND METHODS

Regulatory Approval
The study was designed as a retrospective analysis

of patients who underwent prophylactic total gas-
trectomy; the institutional review board approved the
study protocol.

Patient Population
Patients were first seen between 2006 and 2009 at

the High-risk Gastrointestinal Genetics Clinic of the
Massachusetts General Hospital, and established screen-
ing guidelines were applied (http://www.genetests.org).
Each patient underwent at least 1 genetic counseling
session, including detailed assessment of medical and
family histories and full-length CDH1 gene sequencing.
Here we focus on histopathologic aspects of the cohort;
the surgical aspects and clinical management of this co-
hort are presented elsewhere.23

Endoscopy and Gastrectomy
All patients underwent at least 1 upper endoscopy,

with (n=1) or without (n=9) chromoendoscopy, before
prophylactic total gastrectomy with Roux-en-Y esoph-
agojejunostomy.

Dissection and Mapping Protocol
A protocol adapted for pathologic examination of

gastrectomy specimens was followed.26 Briefly, unfixed
specimens were opened along the greater curvature, pin-
ned down, and fixed in 4% neutral-buffered formalin.
Gross photographs were taken and annotated to generate
maps. Each stomach was entirely submitted for histologic
examination using 3- to 5-mm-thick sections that were
routinely processed, paraffin-embedded, sectioned at 5mm,
and stained with hematoxylin and eosin. Orientation and
microscopic-macroscopic correlation was achieved through
annotation on gross photographs (Fig. 1).

Histopathology
Microscopic evaluation was performed by 2 of the

authors (H.F., G.Y.L.), and glandular changes were
classified into 4 categories: normal; signet cell carcinoma
in situ, intramucosal carcinoma, and submucosal diffuse-
type carcinoma. Normal was defined as absence of
abnormal neck cells, that is, absence of signet ring cells.
Signet cell carcinoma in situ was defined as individual
neoplastic cells of signet ring type within the confines of
the basement membrane (Figs. 2A, B, 3A, B). These ap-
peared as rounded cells with distended cytoplasm with
misplaced and crescent-shaped hyperchromatic nuclei.
Signet cell carcinoma in situ also included configurations

TABLE 1. Criteria for Testing and Diagnosis of HDGC
Syndrome

Two or more cases of diffuse gastric cancer in first-degree or second-
degree relatives, with at least 1 diagnosed under 50 y of age

Three or more cases of diffuse-type gastric cancer in a first-degree or
second-degree relative, independent of age at diagnosis

Diagnosis of diffuse-type gastric cancer before 40 y of age without family
history

Families with diagnosis of both diffuse gastric cancer and lobular breast
cancer with at least 1 case detected before 50 y of age

FIGURE 1. Example of evaluation of gastrectomy. The entire
specimen is sampled using a mapping technique as illustrated.
The color codes indicate sections in which foci of signet ring
cell carcinoma in situ and intramucosal carcinoma were noted.
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FIGURE 2. Histomorphology of preinvasive (A–C) and invasive (D) hereditary diffuse-type gastric cancer. A, Signet cell carcinoma
in situ (pTis) is characterized by large atypical neck cells with intracytoplasmic mucin accumulation that displaces the crescent-
shaped, hyperchromatic nucleus to the periphery, resulting in so-called signet-ring cell appearance. B, Another example of signet
ring cell carcinoma in situ. The neoplastic cells are confined to the outline of the gastric unit. C, Pagetoid spread of signet ring cell
carcinoma in situ. D, Intramucosal carcinoma (pT1a) invading lamina propria around B4 gastric units (outlined by dotted line).

Am J Surg Pathol � Volume 36, Number 11, November 2012 Distribution of Cancer Foci in HDGC

r 2012 Lippincott Williams & Wilkins www.ajsp.com | 1711



in which signet ring cells substituted for normal epithelial
cells or there was spreading of signet ring cells below
normal epithelium (pagetoid spread) (Fig. 2C). Intra-
mucosal carcinoma was diagnosed when infiltrating neo-
plastic cells were detected outside the confines of a
glandular unit, and invasive signet ring cells were present
within the lamina propria (Fig. 2D). Submucosal diffuse-
type carcinoma was diagnosed when cancer cells extended
through the muscularis mucosa into the submucosa. The
type of gastric mucosa (antral vs. fundic/oxyntic) was
noted, and for each lesion, the total number of affected
gastric units was recorded and their position mapped (see
below).

Morphometric Evaluation
The mucosal length per block and size of each

cancer focus were measured microscopically, and lesions
present in adjacent blocks were assumed to be at least
3mm in diameter. The area of antral-type or fundic-type
mucosa was determined and mapped on scanned photo-
graphs. The total number of gastric units in the resection
specimens was estimated on the basis of the average
density of at least 10 randomly chosen gastric gland units
in the antral-type and fundic-type mucosa and the as-
sumption that cross-sections of superficial aspects of
gastric units (pits) are vaguely circular. The percentage of
sampled gastric units was calculated using the average
glandular density and total sampled length per block. The
subtypes of neoplastic foci were tallied, and the total
number of affected glands was used to calculate the per-
centage of affected gastric units per patient. Review of
preoperatively obtained biopsy samples was used to de-
termine the average number of glands sampled per bi-
opsy. The biopsies were obtained using large particle
biopsy forceps (so-called “jumbo forceps”).

Using the range of affected units, the number of
glands per stomach, and the average number of sampled
gastric units, we estimated the theoretical number of bi-
opsies necessary to capture at least 1 cancer focus, as-
suming a clinically suboptimal (50%) and more acceptable
detection rate (90%). Identification of site predilection of
cancer foci involved the merging of individual density
maps into a combined normalized map. The size-propor-
tionate cancer foci were also merged through form fitting
into a 2-dimensional coordinate system erected along the
minor gastric curvature (x axis) and the maximum sagittal
circumference (width) of the opened specimen (y axis).
Distribution of cancer foci was also studied in 8 anatomic
regions (cardia; anterior and posterior proximal fundus;
anterior and posterior distal fundus; lesser curvature;
greater curvature and antrum); and the fundus was
divided into proximal and distal by halving the lesser
curvature (greater and lesser curvatures were defined as 2-
cm-wide bands, not split into proximal and distal).

Imaging
Gross and microscopic images were acquired using

a Canon EOS 50d 15.1-megapixel 17 to 85mm zoom lens
(Canon, Lake Success, NY) and an Olympus DP70

camera attached to a BX51 light microscope (Olympus
America, Center Valley, PA), respectively.

Statistical Analysis
Statistical analysis was conducted using the Fisher

exact test or Student t test when appropriate. P-values of

FIGURE 3. Signet ring cell carcinoma in situ (pTis). These
microphotographs highlight the residual inner ring of benign
cells with preserved E-cadherin immunoreactivity (red arrow-
heads, A, B), whereas the peripheral crown of neoplastic signet
ring cells is not immunoreactive (black arrows, A, B).
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<0.05 were regarded as statistically significant. Data
were analyzed using Prism 5.0b (GraphPad Software Inc.,
La Jolla, CA), Microsoft Excel 2008, (Version 12.1.9;
Microsoft Corporation, Redmond, WA) or the online
statistical toolbox of the Chinese University of Hong
Kong by Prof. A. Chang.27

RESULTS
The cohort consisted of 10 consecutive patients in 6

different families with a strong history of gastric cancer.
All the families fulfilled established criteria for HDGC.23

In total, there were 6 men and 4 women, with a median
age of 41 years at the time of gastrectomy (range, 26 to
50 y). Mutational analysis of the CDH1 sequence showed
3 missense, 3 nonsense, 3 splice site, and 1 frameshift
mutation (Table 2). Median time from genetic testing to
surgery was 3 months (range, 1 to 7mo), and in 9 of the
patients, gastrectomy was performed prophylactically,
whereas chromoendoscopy and biopsy before surgery
demonstrated intramucosal carcinoma in 1 patient (case
#3). Median follow-up time was 28.9 months (range, 8.1

to 48.4mo), and all patients are alive without evidence of
malignancy.

The histopathologic analysis of the entire gastric
mucosa required up to 490 sections per case (embedded in
120 to 252 blocks per case). The prosection of the gas-
trectomies yielded a grand total of 1817 slides that were
examined (an average of 182 slides per case). On average,
9.6m of mucosa were examined per case (range, 6.8
to 13.6m). The average mucosal area per specimen
was 227.8±25.6 cm2 (range, 122.8 to 347.3 cm2). Histo-
logically, the antral-type mucosa corresponds to B10%
(range, 4.7% to 16.4%) of the total gastric surface [fun-
dic: 20576.7±2401mm2 (range, 11706 to 31564mm2) vs.
antral: 2206±261.5mm2 (range, 578.9 to 3584.6mm2)].
When related to the lesser curvature (on average 15 cm
long), the antrum corresponded to the distal 1.5 cm,
which roughly corresponds to the end of the gastric rugal
folds.

The average density of gastric units in at least 25
randomly chosen sections showed 11±0.36 gastric units
(pits)/mm of antral-type mucosa, whereas 12.48±0.35
gastric units/mm were present in fundic-type mucosa.
Using the density of gastric units and total gastric area,

TABLE 2. Clinical and Genetic Characteristics in the Cohort

Case Age Sex Mutation Name Mutation Type Status (mo)

Reported Family History

of Gastric Cancer

Reported Family History

of Breast Cancer

1 38 Female p.R732Q c.2195G>A MS AW (48.4) + +
2 41 Male c.1682insA FS AW (42.9) + �

3 43 Male c.1901C>T p.A634V MS AW (33.8) + + (lobular)
4 42 Male c.48+1G>A SS AW (31.2) + �

5 38 Female c.48+1G>A SS AW (32.2) + �

6 42 Male c.48+1G>A SS AW (26.7) + �

7 50 Female c.1003C>T p.A335X NS AW (19.2) + �

8 49 Male c.1003C>T p.A335X NS AW (16.5) + �

9 26 Male c.1003C>T p.A335X NS AW (14) + �

10 27 Female c.3G>A MS AW (8.2) + +

Age indicates the age at the time of surgery.
Patients 4, 5, and 6 are from one family; patients 7, 8, and 9 are from another family.
AW indicates alive and well; F, female; FS, frameshift; M, male; MS, missense; NS, nonsense; SS, splice site.

TABLE 3. Summary of Cancer Foci Quantification

Cancer Foci

Case SCI IMC SMC R Max. Size (mm) Bx LN Group: Stage (AJCC 2010)

1 0 5 0 5 3.3 Neg. 0/13 IA: pT1a pN0 cM0
2 5 2 0 7 0.6 Neg. 0/13 IA: pT1a pN0 cM0
3 10 122 4* 136 4.0 Pos. 0/16 IA: pT1b pN0 cM0
4 4 7 0 11 1.9 Neg. 0/4 IA: pT1a pN0 cM0
5 8 0 0 8 0.1 Neg. 0/9 0: pTis pN0 cM0
6 4 18 0 22 2.8 Neg. 0/16 IA: pT1a pN0 cM0
7 1 7 0 8 0.3 Neg. 0/13 IA: pT1a pN0 cM0
8 12 7 0 19 0.3 Neg. 0/18 IA: pT1a pN0 cM0
9 8 31 0 39 1.0 Neg. 0/9 IA: pT1a pN0 cM0
10 37 10 0 47 0.5 Neg. 0/10 IA: pT1a pN0 cM0

*The 4 submucosal foci were continuous with intramucosal foci (Fig. 5).
IMC indicates intramucosal adenocarcinoma; LN, lymph node; neg., negative; pos., positive; SCI, signet ring cell carcinoma in situ; SMC, submucosal

adenocarcinoma.
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we determined the total number of gastric units per
specimen. On average, there were 3.2±0.4 million units
in the fundus and 267,029±31,644 units in the antrum,
resulting in a total of B3.5±0.4 million units per gas-

trectomy (reflecting gastric units/pits as the denominator
for gastric units). Using the total length of reviewed
mucosa, we determined the total number of examined
gastric units asB1.2 million (average, 119,344±8,290 per

FIGURE 4. Mapping of cancer foci in outlines of all 10 gastrectomy specimens [(A): case #1 to (J): case #10]. Despite the high
variability of involvement, the proximal fundus shows the highest density of cancer foci. Note the sparing of antral-type mucosa
(gray areas). Scale bars: 5 cm.
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case; range, 84,440 to 169,035 gastric units). Thus, the his-
tologic review captures only 3.7%±0.4% of all gastric
units, and we reviewed on average 120,000 of 3.5 million
gastric units.

A summary of the examined cancer foci per case is
provided in Table 3. Each gastrectomy specimen con-
tained at least 5 separate cancer foci, and we identified
a total of 302 cancer foci (range, 5 to 136 foci) (Fig. 4).
The largest cancer focus measured 4.0mm. Eighty-nine
foci of signet cell carcinoma in situ were present, and only
1 patient showed superficial submucosal invasion in 4
separate regions (submucosal diffuse-type carcinoma)
(Fig. 5). Intramucosal carcinoma was the most prevalent
lesion, with a total of 209 separate foci identified in

the cohort. The foci of intramucosal carcinoma typically
spanned the width of 1 or 2 gastric units (Table 3). In
total, 1820 gastric units were affected by cancer (range, 8
to 1205 affected units per patient), and when this was
related to the total number of examined gastric units,
the average involvement was B0.12%±0.07% (range,
0.008% to 0.71%).

Review of surveillance biopsies available for 6 of the
patients showed an average of 28.7±1.7 sampled gastric
units (median, 25; range, 0 to 79 in n=112 samples).
On the basis of the number of glands sampled per biopsy
(n=25), the number of gastric units per stomach (B3
million), and the average involvement as determined in
the cohort (range, 0.008% to 0.71% of gastric units in-
volved), the theoretical number of biopsies necessary to
capture at least 1 neoplastic focus with a detection rate of
50% was estimated to range from 50 to 5832 biopsies
(average, 1768). For a detection rate of 90%, the theo-
retical number of biopsies to observe 1 neoplastic focus
ranges from 90 to 11998 (average, 3469) (Table 4).

Mapping of all cancer foci on gastrectomy outlines of
each specimen showed absence in the antral-type mucosa
and marked variability in fundic-type mucosa. Individual
and combined density mapping showed the highest density
in the proximal fundus (Figs. 4, 6). Transformation into a
coordinate system erected over the lesser gastric curvature
allowed optical summation of all cancer foci into a com-
mon gastric outline (Fig. 6). Analysis of merged cancer
foci demonstrated the following order of cancer preva-
lence: anterior proximal fundus (37%)>cardia (27%)>
anterior distal fundus (12%)>posterior proximal fundus
(10%)>lesser curvature (8%)>greater curvature (4%)
>posterior distal fundus (2%)>antrum (0%).

DISCUSSION
The role of endoscopic surveillance in CDH1-mu-

tation carriers is to allow detection of early gastric cancer,
preferably when limited to the mucosa (pT1a). Here, we
demonstrate that the estimated total number of biopsies
necessary to achieve suboptimal (50%) or substantial
(90%) diagnostic yield, on the basis of our cohort of
10 patients, is exorbitant and clinically unsustainable;
however, in light of serial sampling during ongoing
surveillance, these numbers approach realistic levels. Im-
portantly, despite interindividual variability, our mapping
demonstrated the highest cancer predilection in the proxi-
mal fundic-type mucosa. Thus, our findings argue that in-
corporation of topographic aspects into biopsy sampling

FIGURE 5. Illustration of the sole case with submucosal in-
vasion (case #3). This individual presented with 4 invasive foci
(such as the one shown in the lower inset) that were in close
association with intramucosal foci (such as the one shown in
the upper inset). MM indicates muscularis mucosa.

TABLE 4. Estimated Number of Biopsies

Entire Stomach Fundus

No. Biopsies No. Biopsies

Detection Rate Average Low Range High Range Average Low Range High Range

50% 1768 50 5832 1745 45 5782
90% 3469 90 11998 3141 82 10408
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strategies could increase diagnostic yield over a prolonged
surveillance period.

Total prophylactic gastrectomy has been recom-
mended—even in biopsy-negative patients older than 20
years—whereas annual endoscopic surveillance is rec-
ommended for individuals under 20 years.11,19,20 How-
ever, endoscopic screening and random biopsies have
limited sensitivity in identifying occult and focal neo-
plastic lesions. Barber et al25 noted that only 7 of 28 cases
had positive endoscopic biopsies. In our series, cancer foci
were detected preoperatively in only 1 of the 10 patients.
Shaw et al19 emphasized the potential advantage of
chromoendoscopic surveillance with a reported detection
yield of 30%, but also demonstrated that foci <4mm
could not be detected using this technique. In our series,
the largest cancer focus measures 4.0mm, underscoring
that most foci were even below the range of improved
detection using chromoendoscopy.

A further issue not addressed herein is the inherent
risk of missing very small foci of signet ring cell carci-
noma in situ on gastric biopsies due to the inherent dif-
ficulty of detecting them, even for seasoned pathologists.

When estimating the probability of detecting cancer
by using 5 random biopsies, Carneiro et al26 reported a
yield of <5% in 5 of 9 cases, and >50% in only 2 cases.
In our cohort, the estimated theoretical average number
of biopsies to capture at least 1 neoplastic focus was
1768 (range, 50 to 5832) and 3469 (range, 90 to 11998) to

assure 50% and 90% detection rates, respectively
(Table 4). The magnitude of these figures clearly chal-
lenges the practicality of random biopsies for cancer sur-
veillance in CDH1-mutation carriers. Nevertheless, these
numbers, as well as the previously published prediction
model, are likely to underestimate the probability of en-
doscopic detection, as they are based on random disease
distribution. Although previous series have examined the
predilection of cancer foci in gastrectomy specimens
(http://www.genetests.org),9,20,22,23 there is no agreement
as to whether the proximal (http://www.genetests.org)9,20

or the transitional zone22,28 should be preferentially sam-
pled. In our study, we confirm a predilection not only for
the proximal stomach but more specifically for oxyntic-
type mucosa, and we estimate that 74% of cancer foci are
clustered in the cardia and proximal fundus. Nevertheless,
even on using only the fundus as the site of detection along
with the current recommendation of 30 biopsies per en-
doscopy,12 the average number of biopsies necessary for
detection remained high in our model: 1745 and 3141 for
50% and 90% detection rates, respectively.

Finally, it is possible that in some patients, several
years of surveillance could eventually provide a sufficient
number of biopsies for early cancer detection. However,
our data clearly emphasize the importance of and need
for novel optical techniques that enhance optical contrast
and enable more refined strategies for mucosal evaluation
and biopsy targeting.

FIGURE 6. Optical summation and mapping of all 302 cancer foci of 10 completely submitted gastrectomy specimens. Trans-
formation into a coordinate system erected over the minor gastric curvature allowed mapping into a common gastric outline
(bold) and visualization of merged cancer foci in anatomic regions (hatched lines; see the Materials and Methods section). The
highest density of cancer is present in the proximal/anterior and proximal posterior fundus.
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