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The most common neoplastic pattern encountered
in a gastric biopsy is the “epithelial pattern” as
adenocarcinomas are the most common tumours
in the stomach. Lymphomas account for 5-10% of
gastric malignancies. Mesenchymal tumours
account for <1% of gastric tumours. However,
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Adenocarcinoma

Features of
Invasion

Glandular
proliferation in
gastric biopsy

Marked cytological
and/or architectural
atypia

Mild to moderate
cytological and
architectural atypia

High-grade
e dysplasia
Low-grade
Neoplastic? dysplasia
Abrupt transition
No surface
maturation Negative for
ete. dysplasia

indeterminate )

Indefinite for

Inadequate material |
(too little, artefacts, etc.) I

dysplasia

Fig.5.1 Algorithm for interpretation of the neoplastic pattern

60-70% of gastrointestinal stromal tumours arise
in the stomach. Neuroendocrine neoplasm (NEN’s)
account for approximately 1% of gastric tumours.

The patterns related to common neoplasms are
further discussed here and uncommon patterns
are listed in Chap. 2.

Considering the prevalence of gastric neoplasms,
the most common low-power, dominant “neoplastic
pattern” on a gastric biopsy is characterised by
architectural abnormalities and cytonuclear atypia
(“epithelial pattern™). A standard diagnostic algo-
rithm of biopsy interpretation is shown in Fig. 5.1.
In parallel additional secondary patterns that may
give clues to rare types and variants of primary gas-
tric tumours as well as metastatic tumours should be
noted (i.e. diffuse round cells, pink cell, clear cell,
spindle cell, biphasic patterns).

If invasion can be definitely identified with the
epithelial pattern, a diagnosis of adenocarcinoma
will be established. Alternatively, in a biopsy featur-
ing “neoplastic epithelial pattern” with no evidence
of invasion, the diagnostic clues that are immedi-
ately recognised and then confirmed at higher mag-
nification are abrupt transition, lack of surface
maturation and stromal change such as inflamma-
tion. When marked cytological or architectural
atypia are present, making a diagnosis of high-grade
dysplasia/adenoma or even adenocarcinoma is pos-
sible. However, at times, marked epithelial atypia
may be seen in non-neoplastic conditions such as a
regenerative process or epithelial injury induced by
chemotherapy and irradiation.

Epithelial Pattern with No Stromal
Invasion

When an endoscopic biopsy of the stomach pres-
ents the glandular proliferative pattern, the
approach is similar to the rest of the GIT to dif-
ferentiate a non-neoplastic glandular proliferation
from neoplasms. Inflammatory and hyperplastic
polyps and polypoid mucosal lesions constitute
the main non-neoplastic lesions. Most of these are
discussed in the preceding sections in this chapter
under polypoid and hyperplastic pattern.
Hamartomatous lesions introduced in Chap. 2
may involve the stomach. Polyps of Peutz-Jeghers
syndrome and Cronkhite-Canada syndrome may
present in endoscopic biopsies. Confirmative diag-
nosis may be difficult on a gastric biopsy alone.
When a glandular proliferation pattern without
atypia is noted in an endoscopic biopsy, endoscopic
appearance should always be correlated as some
syndromes may show important clues. Pancreatic
heterotopia presenting as a proliferation of benign
acinar structure may be recognised in biopsies.

Epithelial Pattern with Cellular
Atypia: No Stromal Invasion
(Intraepithelial Neoplasia)

The dysplastic glandular pattern comprises a glandu-
lar proliferation characterised by architectural abnor-
mality of glands coupled with cytological atypia with
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lack of surface maturation and abrupt transition with
the adjacent epithelium. Most lesions retain the glan-
dular pattern. These lesions are called “dysplasia’ (or
“adenoma” if it is a polyp or nodule) or intraepithe-
lial neoplasia (IEN) and divided into low- and high-
grade categories throughout the GIT [1, 2].

Abrupt transition, lack of surface maturation
and stromal change such as inflammation and
absence of desmoplasia are important diagnostic
clues that are immediately recognised on low-
power examination and then confirmed at higher
magnification.

Fig.5.2 (a) Abrupt
transition from
non-neoplastic
metaplastic glands to
adenomatous glands.
The boundary between
the two components is

Abrupt Transition

Abrupt transition in a biopsy fragment is a highly
valuable finding for a diagnosis of gastric neopla-
sia. This feature is considered to represent clonal
nature of the epithelium. In general, neoplastic
glands are morphologically sharply demarcated
from non-neoplastic gastric pits or glands, and con-
stitutive cells are often more atypical and mono-
morphic compared to adjacent non-neoplastic
epithelium (Fig. 5.2). This contrasts with reactive
changes, which are less uniform, are not sharply

well defined (yellow

dotted line). (b) Abrupt
transition on the surface
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demarcated and gradually transit to unremarkable
neighbouring mucosa. However, it should be noted
that a sharp transition can also be seen between
metaplastic and non-metaplastic epithelium.

Surface Maturation

The presence of surface maturation in a biopsy
is a feature that would help pathologists
exclude a diagnosis of dysplasia, because dys-
plasia most frequently involves surface epithe-
lium (Fig. 5.3a). In normal or most reactive
processes, as the epithelium moves towards the
luminal surface, the nuclei become smaller and

Fig.5.3 Surface
maturation: (a)
Low-grade dysplasia/
adenoma. Neoplastic
cells involve the entire
gland uniformly without
surface maturation. (b)
Reactive mucosa with
intestinal metaplasia
featuring surface
maturation. Metaplastic
glandular epithelium
shows nuclear
elongation in the bottom
part resembling an
adenoma but has smaller
nuclei with a lower N/C
ratio towards the
surface. (¢) Regenerative
mucosa without surface
maturation. Note that
nuclear enlargement and
prominent nucleoli can
be seen even in the
surface epithelium in
early phase of
regenerative process

the cytoplasm becomes larger (“maturation”)
(Fig. 5.3b). However, lack of surface matura-
tion is not a specific feature to dysplasia,
because it can also be caused by inflammation
and regeneration (Fig. 5.3c). In addition, sev-
eral studies reported intestinal metaplasia with
basal gland atypia, which showed cytological
atypia consistent with dysplasia, without sur-
face involvement (“pit dysplasia”) [3]. These
observations suggest that early dysplastic

change in chronic gastritis may be limited to
the basal pit epithelium. Furthermore, some
neoplastic polyps are frequently covered with
non-neoplastic foveolar epithelium (i.e. oxyn-
tic gland adenoma/polyp) [4].
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Fig.5.3 (continued)

Stromal Changes

Stromal changes, such as increased inflammatory
cells, fibrosis, healed granulation tissue or
haemorrhage, should also be included into
consideration because these may suggest reactive
aetiology. However, myxoid transformation can
represent early desmoplastic changes

Dysplastic Sub-patterns

On the basis of cellular phenotype, gastric
intraepithelial neoplasia can be divided into five
categories forming unique patterns (Table 5.1).
They are intestinal, foveolar, pyloric, oxyntic
(and chief cell) and signet ring patterns. Gastric
intraepithelial neoplastic lesions are intestinal-

Table 5.1 Phenotypic classification of glandular prolif-
erations with no stromal invasion

(“Dysplastic pattern”)

Intestinal (type I, adenomatous)
Foveolar (type II)

Pyloric gland

Oxyntic (and chief cell)*

Signet ring cell carcinoma in situ

It is still under debate whether this is invasive (i.e. adeno-
carcinoma) or noninvasive (i.e. adenoma)

Fig. 5.4 Intestinal-type dysplastic pattern/adenoma (low
grade)

type (type I, adenomatous) dysplasia/adenoma
which resemble colonic adenoma (Fig. 5.4a, b;
Box 5.1), gastric phenotype including foveolar-
type (type II) dysplasia/adenoma (Fig. 5.5a, b;
Box 5.2) and pyloric gland adenoma (Figs.
5.6a, b and 5.7) [5, 6]. Intraepithelial neoplasia of
pyloric gland type is always polypoid and there-
fore called pyloric gland “adenoma” (Fig. 5.7),
whereas those of intestinal type and foveolar type
may be polypoid or flat (or even slightly
depressed). Some of these sub-patterns share
similarities with those in the setting of Barrett’s
neoplasia (Chap. 3).
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Box 5.1 Dysplastic Intestinal Pattern (See Box 5.2 Dysplastic Foveolar Pattern (See
Fig. 5.4) Fig. 5.5a, b)
* Proliferated of intestinal (colonic)-type e Often villiform and glands featuring a

Fig.5.5 (a,b)
Foveolar-type dysplasia
(low grade)

glands with typical pencillate hyper-
chromatic nuclei

Identical to colonic adenomas

MUC 2 and CDX2, always positive;
MUCSAC, may be weakly and focally
positive, accentuated on the surface and
superficial glands; MUC6, negative

frayed border with apical mucin cap,
nuclei are oval or rounded and basal.
Resembles the foveolar epithelium
closely. Resemblance is more in low-
grade lesions.

MUCSAC, always positive; MUC 6 and
MUC 2 and CDX2, variable.
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Fig. 5.6 Pyloric gland adenoma (low grade)

Fig. 5.7 Case 1: An 88-year-old lady presenting with  ation. A gastroscopy note was made of a benign appearing
constipation, bloating and recurrent iron deficiency anae- 40 mm gastric polyp within the mid-gastric body greater
mia. Abdominal CT was by her primary care practitioner ~ curve on a short stalk (Paris Ip) (a). The polyp was resected
revealing a mid-gastric body mass along the anterior gas-  in multiple pieces and retrieved for histopathology. The
tric wall. Referral was made for further endoscopic evalu-  diagnosis is a pyloric gland adenoma (b)

»
P>

Fig. 5.8 Oxyntic/chief cell predominant pattern/
adenoma

Rarer neoplastic lesions of oxyntic mucosa lesions differentiating to oxyntic glandular epi-
have been recognised recently. Recent studies thelium, predominantly of chief cell type
have recognised novel low-grade neoplastic (Figs. 5.8 and 5.9; Box 5.3). This entity was
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first reported as “adenocarcinoma of fundic
gland type” on the basis of the significant glan-
dular architectural abnormality and frequent
submucosal involvement, but subsequent stud-
ies suggested a term “oxyntic gland polyp/
adenoma” and “chief cell predominant ade-
noma” for this entity because of its benign
clinical nature as well as a lack of unequivocal
invasion [4, 7, 8]. Another emerging dysplastic
lesion associated with expansion of oxyntic
compartment has been documented in the
newly described genetic syndrome known as
GAPPS syndrome (Fig. 5.10a) [9]. Fundic
gland-type polyps with hyper-proliferative
aberrant pits (HPAPs—Fig. 5.10a) progressing
to dysplasia (Fig. 5.10b) and to carcinoma are
described. In addition, although very rare,
“signet ring cell carcinoma in situ” is consid-
ered to be a precursor of signet ring cell carci-
noma, and this is usually seen in the setting of
hereditary diffuse-type gastric carcinoma.

Box 5.3 Oxyntic (Chief Cell Predominant)
Pattern (See Figs. 5.8 and 5.9)

Closely packed mixture of parietal and
chief cells.

A range of architectural patterns: clus-
tered and or solid glands with or with-
out well-defined lumina, anastomosing
cords, dilated glands with or without
infoldings, complex glands with multi-
ple layers of cells and -cribriform
glands.

MUC6 and MUCSAC, positive; CDX?2
and MUC2, negative; pepsinogen-I,
positive; H-K-ATPase, variable.

Rarely extends to submucosa (“inva-
sion”’)—metastases have not been
reported to date.

Terminology is controversial—reported
as adenocarcinoma of fundic gland-type
by Japanese authors.
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Fig.5.10 (a) Polyps in
GAPPS syndrome:
“fundic gland-type”
polyps with hyper-
proliferative aberrant
pits (HPAPs). (b)
Dysplasia on the surface
of a GAPPS polyp

<
<

Fig. 5.9 Case 2: “Oxyntic gland polyp/adenoma” and
“chief cell predominant adenoma”. (a) This biopsy is
from a small elevated lesion (about 1 cm) at the gastric
body. (b) At high-power magnification, the lesion is com-
posed of oxyntic-type glands. Looking at this for the first
time, it may be difficult to interpret it as neoplastic.
However, there is mild glandular architectural disarray,
while cytological atypia is minimal. This is a typical

example of adenocarcinoma of fundic gland-type or oxyn-
tic gland polyp/adenoma, which has been recently recog-
nised. (¢) Endoscopic resection was performed and
demonstrated the tumour showed pushing growth into the
submucosa, a finding frequently seen in this type of
tumour (d) Compared to normal oxyntic mucosa (right),
neoplastic mucosa (left) shows a higher nuclear density
and a mild nuclear enlargement of oxyntic and chief cells



166

T. Ushiku et al.

Grading of Dysplasia

Low-grade dysplasia (or low-grade adenoma/
IEN) has mild architectural abnormality and
cytological atypia, whereas high-grade dyspla-
sia (or high-grade adenoma/IEN) is character-
ised by marked -cytological atypia or
architectural complexity. Altered nuclear fea-
tures are nuclear enlargement, elongation, strat-
ification, loss of polarity, hyperchromasia,
prominent nucleoli, increased nuclear-to-cyto-
plasmic ratio, increased mitoses and atypical
mitoses. Architectural abnormalities may
include branching, crowding, irregular shapes,
villiform or papillary structures. However, if
pronounced these changes in addition of bud-
ding and cribriforming become diagnostic of
intramucosal adenocarcinoma. Of note, pheno-
typic characteristics of dysplastic sub-patterns
get blurred in higher-grade lesions.

The distinction between low grade and high
grade in a gastric biopsy is important, because
the management will be different. Higher-grade
lesions usually need treatment by endoscopic
mucosal resection or submucosal endoscopic dis-
section, while low-grade lesions can be followed
by endoscopy and biopsies. Unfortunately, grad-
ing is not a perfect marker for the risk of progres-
sion to adenocarcinoma due to lack of uniform
diagnostic criteria resulting in interobserver dis-
agreement. There is also limited data of natural
history of dysplastic lesions. Tumour heterogene-
ity plays a role too [10, 11].

There are differences between Japan and
Western countries in the interpretation of biop-
sies of intraepithelial neoplasia [12]. Invasion
into the lamina propria and architectural com-
plexity (irrespective of invasiveness) are the
essential features of intramucosal adenocarci-
noma according to Western criteria, but cytonu-
clear atypia is considered of paramount
importance for the diagnosis of adenocarcinoma
in Japan. Consequently, intraepithelial neopla-
sia with high-grade cytonuclear atypia is diag-
nosed as ‘“adenocarcinoma” in Japan, while
similar lesions are diagnosed as “high-grade
dysplasia” in most Western countries (Fig. 5.11).
However, this disagreement may not be of great
importance, because both intramucosal adeno-
carcinoma and high-grade dysplasia are usually
treated with conservative approach through
endoscopic resection. In addition, among many
Japanese pathologists, a diagnosis of “adenoma”
is reserved only for a low-grade pyloric gland
adenoma or typical example of low-grade intes-
tinal-type adenoma, which is small (usually
1 cm or less).

When marked cytological or architectural
atypia is present, making a diagnosis of high-
grade dysplasia/adenoma is not difficult. At
times, marked epithelial atypia may be seen in
non-neoplastic condition such as regenerative
process or epithelial injury by chemotherapy and
irradiation. As mentioned earlier, characteristic
features of phenotypic sub-patterns as well as
immunohistochemical features become less dis-

Low

<

>

Atypia High

Western
criteria

Japanese
criteria

Low grade dysplasia
Adenoma Adenocarcinoma

Adenocarcinoma

Fig. 5.11 Difference in the diagnostic criteria between the West and Japan
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tinctive as the neoplastic processes progress to
high-grade and ultimately to invasive carcinoma.

Epithelial Pattern with Mild
to Moderate Atypia “Noninvasive
Atypical Epithelium”

A major problem in gastric biopsy interpretation
includes differentiating neoplastic conditions from
reactive or regenerative changes. Abrupt transi-
tions, surface maturation and stromal changes in
addition to the degree of architectural and cytologi-
cal abnormalities are key features to be focused.

On the basis of these core features in combi-
nation, distinction between neoplastic and non-
neoplastic lesion can be made in most biopsies. A
diagnosis of “indefinite for neoplasia/dysplasia”
is reserved for biopsies in which a reliable dif-
ferentiation between neoplastic and non-
neoplastic is not possible. Such a diagnosis
should not be ignored since some of these
changes are either genuine neoplastic lesions or
flag bearers of more sinister lesions [13, 14].

Reasons for a diagnosis of “indefinite for neo-
plasia” are diverse and include technical prob-
lems, such as too little amount of atypical
epithelium for concern, marked cautery or
crushed artefacts, poor orientation, tangential
cutting, denuded surface epithelium, etc. In such
cases, cutting deeper level sections or obtaining
additional biopsies may solve the diagnostic
dilemma.

A useful rule in such a situation is to describe
the reason for the diagnosis of “indefinite for
neoplasia” and the degree of concern. This
approach is valuable for clinical management.

Correlation with the endoscopic appearance
and review of previous biopsies (if any) and a
dialogue with the clinician can reveal important
information such as medication history may
resolve the uncertainty to a great extent (Fig.
4.31). Other clinical information such as past
medication history may facilitate further follow-
up and investigations.

167
Epithelial Pattern (Glandular
Proliferations) with Stromal

Invasion (“Invasive Pattern”)

This pattern signifies invasive carcinoma

acknowledging the criteria used by Japanese
pathologists described above. This category
includes adenocarcinoma, excluding intraepithe-
lial adenocarcinoma in Japanese criteria and in
situ signet ring cell carcinoma.

In addition to cytoarchitectural disturbances
described above, features of stromal invasion are
present represented by single-cell/small cluster
infiltration, angulated/abortive glands, sheetlike
growth, never-ending/anastomosing gland pat-
tern, highly complex cribriform arrangement of
glands and stromal desmoplasia. Again, there are
similarities to adenocarcinomas in Barrett’s set-
ting (Chap. 3) (Box 5.4).

Box 5.4 Invasive Patterns in Gastric
Adenocarcinoma

Recognition of the wide morphologic spec-
trum (sub-patterns) within the established
histological types is important not to miss
early GAC in a biopsy.

e Tubular, papillary, mucinous, poorly
cohesive, and mixed (five main WHO
histologic types)
e Sub-patterns/types
— “Very well-differentiated adenocar-
cinoma” pattern (WHO tubular)

— Micropapillary

— Mixed neuroendocrine carcinomas
(MANEC/MINEN)

— AFP-positive adenocarcinoma

— EBV-positive adenocarcinoma

Although many schemes have been proposed
for gastric cancer classification, two major classi-
fication schemes internationally used in pathol-
ogy practice are WHO classification and Laurén
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classification (Table 5.2) [13, 15]. The WHO clas-
sification system recognises five main histologi-
cal types, namely, tubular adenocarcinoma,
papillary adenocarcinoma, mucinous adenocarci-
noma, poorly cohesive carcinoma (including sig-
net ring cell carcinoma and other variants) and
mixed carcinoma. A molecular classification of
GAC with four molecular subtypes has been pro-
posed recently. They are EBV-positive,
microsatellite-unstable (MSI), genomically stable

Table 5.2 Classification of gastric adenocarcinoma

Intestinal

Diffuse

Mixed
Indeterminate
Tubular

Papillary
Mucinous

Poorly cohesive
Mixed

Other rare variants

WHO World Health Organization

Laurén classification

WHO classification

tumours and tumours with chromosomal insta-
bility (CIN)

However, gastric adenocarcinoma is charac-
terised by a wide morphologic spectrum with
respect to cellular differentiation, architecture
and growth pattern and shows heterogeneity
(Fig. 5.12). Thus, it is important to recognise
these sub-patterns within the spectrum of the
invasive pattern in an endoscopic biopsy to
accurately diagnose early gastric carcinoma.

Tubular Pattern

Tubular adenocarcinoma is composed of irregu-
larly distended, fused or branching tubules of
various sizes, often with intraluminal mucin or
debris (Fig. 5.13). Acinar structures or cribriform
pattern may also be present. Tumour with solid
pattern is considered as a poorly differentiated
form of this type. Of note, rare cases of tubular
adenocarcinoma have minimal architectural

Fig. 5.12 Case 3: Heterogeneity of gastric carcinoma.
(a) Endoscopic resection was performed for an elevated
lesion of the stomach. (b) Peripheral area of the lesion
is composed of low-grade intestinal-type dysplasia
(smaller square of A). (c) At the centre (larger square of

A), submucosal invasive adenocarcinoma is noted. It is
important to know that gastric neoplasm often shows
heterogeneity within a lesion like this case and to take
multiple biopsies if the endoscopic appearance is
heterogeneous
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abnormality as well as subtle cytological atypia,
for which a term “very well-differentiated adeno-
carcinoma” may be used.

Papillary Pattern

Papillary adenocarcinoma is characterised by
epithelial fingerlike projections with central
fibrovascular cores (Fig. 5.14a). Some tumours
show tubulopapillary architectures. Micropapillary
pattern can be present in a rare tumour
(Fig. 5.14b) [16].

Fig.5.14 (a) Papillary
adenocarcinoma. (b)
Adenocarcinoma
showing micropapillary
pattern




170

T. Ushiku et al.

Mucinous Pattern

Mucinous adenocarcinoma is characterised by
extracellular mucinous pools, which constitute at
least 50% of tumour volume. The tumour cells
form glandular structures, irregular cell clusters
or scattered signet ring cells floating in the mucin
pools (Fig. 5.15).

Poorly Cohesive Pattern

Poorly cohesive carcinoma includes signet ring
cell carcinoma and other variants and is often
composed of a mixture of both of them. Signet
ring cell is characterised by abundant mucin-
filled cytoplasm and eccentrically placed

Fig.5.16 Poorly cohesive carcinoma. (a) Signet ring cell
carcinoma. (b) Non-signet ring cell-type poorly cohesive
carcinoma. (¢) Xanthoma cells—mimic of signet ring

nucleus (Fig. 5.16a). Poorly cohesive non-sig-
net ring carcinoma cells are those that morpho-

cells. (d) Russel body gastritis—mimic of signet ring
cells. (e) Capillary filled with plasma—mimic of signet
ring cells
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Fig.5.16 (continued)

logically resemble histiocytes, lymphocytes,
plasma cells and even spindle fibroblast-like
cells. Those tumour cells can form irregular
micro-trabeculae or lacelike abortive glands.
This type of tumour is often accompanied by
marked stromal desmoplasia in the submucosal
or deeper invasive area, whereas intramucosal
component consists of dense aggregation of
signet ring cells with minimal stromal change
(Fig. 5.16b). Histiocytes, xanthoma cells
(Fig. 5.16c), plasma cells with abundant
brightly eosinophilic cytoplasm of plasma cells
in Russell body gastritis (Fig. 5.16d) and small
dilated vessels filled with eosinophilic plasma
constituents (Fig. 5.16e) may mimic signet ring
cells in small biopsies raising concern.

Mixed Pattern

In the Laurén classification, tumours are classi-
fied into intestinal and diffuse types. Intestinal
type essentially corresponds to tubular and
papillary adenocarcinoma in WHO scheme,
whereas diffuse type falls into the poorly cohe-
sive carcinoma category. Tumours containing
both of intestinal and diffuse components are

termed mixed type. Undifferentiated tumours
are classified as indeterminate.

“Invasive Epithelial Pattern”: Others

Other patterns include EBV-positive adenocarci-
noma, AFP-producing carcinoma, rarer sub-
patterns of well-differentiated adenocarcinoma
and those with the neuroendocrine sub-pattern.
AFP-producing carcinoma is characterised by
the AFP expression by neoplastic cells, which is
usually demonstrated by positive AFP immunos-
taining or increased serum AFP level.
Histologically, AFP-producing carcinoma has
two major histological types: adenocarcinoma
with enteroblastic differentiation, a tubular or
papillary adenocarcinoma composed of colum-
nar neoplastic cells with glycogen-rich clear
cytoplasm resembling foetal gut epithelium at
early gestation (Fig. 5.17a), and hepatoid adeno-
carcinoma, which consists of polygonal eosino-
philic neoplastic cells similar to hepatocellular
carcinoma (Fig. 5.17b). Yolk-sac tumour-like
carcinoma can be less frequently noted in a com-
ponent of AFP-producing carcinoma. It may be
important to recognise this entity because it is
associated with highly aggressive phenotype
with frequent liver metastasis and serum AFP
levels can be used as a sensitive tumour marker.
EBV-positive adenocarcinoma is a carcinoma
with EBV positivity in almost all neoplastic cells.
This tumour has distinct clinicopathological and
molecular features, which reflect peculiar viral
carcinogenesis [17, 18]. The presence of EBV in
tumour cells is confirmed by in situ hybridisation
targeting an EBV-encoded small RNA (EBER-
ISH), whereas immunohistochemistry of LMP1 or
EBNA2 is always negative in this tumour.
EBV-positive adenocarcinoma typically shows a
pushing tumour border and is usually composed of
moderately to poorly differentiated tubular
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Fig.5.17 AFP-
producing
adenocarcinoma.

(a) Adenocarcinoma
with enteroblastic
differentiation.

(b) Hepatoid
adenocarcinoma

adenocarcinoma accompanied by lymphoid
stroma (Fig. 5.18). Cases with prominent lym-
phoid infiltrates are called “gastric carcinoma with
lymphoid stroma” (also reported as “lymphoepi-
thelioma-like carcinoma”). More than 80% of gas-

tric carcinomas with lymphoid stroma are EBV
positive. Clinical features of EBV-positive gastric
cancer include male predominance, a proximal
location, low rate of nodal metastasis in early can-
cer and a relatively favourable prognosis.
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Fig.5.18 EBV-
associated
adenocarcinoma.
Abundant lymphocytes
infiltrate in poorly
differentiated
adenocarcinoma. EBV
infection is
demonstrated by
EBER-ISH (inset)

Cases with very rare histological types, such as
adenosquamous/squamous cell carcinoma, yolk-
sac tumour-like carcinoma, choriocarcinoma, car-
cinosarcoma, malignant undifferentiated/rhabdoid
carcinoma, mucoepidermoid carcinoma, parietal
cell carcinoma, pancreatic-type acinar/mixed aci-
nar and endocrine carcinoma, and gastroblastoma
have been reported.

Rare Differentiated Patterns of GAC

In general, because most gastric carcinomas
have significant architectural abnormality and
cytological atypia as well as invasive features, a
diagnosis of adenocarcinoma is straightforward
in adequate biopsies. Exceptionally, rare gastric
adenocarcinomas show minimal cytological
and/or architectural abnormalities even though
they are clearly invasive (Figs. 5.19a, b and

5.20). Biopsy diagnosis for such a lesion is often
difficult and can be misinterpreted. In addition,
metastatic carcinoma needs to be considered in
the differential diagnoses.

Gastric adenocarcinoma with low-grade
atypia include a several subtypes, including very
well-differentiated adenocarcinoma of intestinal
type which resembles intestinal metaplasia and
that of gastric type mimicking foveolar epithe-
lium (Fig. 5.19a, b) [19]. These lesions are rare
and exhibit minimal cytological atypia, and
therefore recognising architectural abnormali-
ties is important for a diagnosis. Characteristic
architectural features of gastric adenocarcinoma
with low-grade atypia include pit and glandular
anastomosis, spiky glands, distended glands,
discohesive cells, abortive glands and budding.
A subset of this tumour may transform into
poorly cohesive carcinoma and behave aggres-
sively (Fig. 5.19c¢).
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Fig.5.19 Very
well-differentiated
adenocarcinoma. (a)
Very well-differentiated
adenocarcinoma of
intestinal type closely
mimicking intestinal
metaplasia. Cellular
atypia is minimal, but
neoplastic glands show
characteristic “hand-in-

hand”-type anastomoses.

(b) Very well-
differentiated
adenocarcinoma of
gastric type resembling
hyperplastic foveolar
epithelium. (¢) Very
well-differentiated
adenocarcinoma of
gastric type with
transformation into
signet ring cell
carcinoma
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Fig. 5.20 Case 4: Very well-differentiated adenocarci-
noma. (a) This biopsy is from a slightly elevated lesion
measuring 2 cm in size. This looks like a reactive gas-
tropathy with mild architectural disarray. It may be
very difficult to make a diagnosis of cancer for this
biopsy. (b) This lesion is actually an advanced cancer

Neuroendocrine Pattern

The characteristic pattern consists of relatively
uniform round cells with variable amounts of
eosinophilic cytoplasm and central nuclei with
granular, speckled (“salt and pepper”) chroma-
tin (Figs. 5.21 and 5.22a, b). Nucleoli are incon-
spicuous. Well-differentiated neuroendocrine
neoplasms (NENs) or neuroendocrine carcino-
mas (NECs) uncommonly may present with the
“epithelial pattern” especially those exhibiting
pseudo glandular formations. Additional sub-
patterns of insular (nested), trabecular and solid
patterns are often noted. As neuroendocrine
neoplasm often show the epithelial pattern in
endoscopic biopsies, they can be mistaken for

invading into the muscularis propria composed of very
well-differentiated adenocarcinoma of intestinal type.
(¢) Neoplastic glands show mild distortion and mild
nuclear enlargement. (d) The deeply invasive area also
consists of glandular proliferation with minimal cyto-
logical atypia

GAC. The cells may appear blue or pink and
also show other cellular patterns in an endo-
scopic biopsy (see Table 5.4). In general, the
neuroendocrine nature is appreciated on H&E
sections and confirmed by neuroendocrine
markers.

Neuroendocrine carcinoma (NECs), in partic-
ular poorly differentiated tumours, may show the
epithelial pattern but with more cytological vari-
ability, nuclear hyperchromasia, frequent mitoses
and prominent nucleoli together with necrosis
and may be of small-cell (Fig. 5.22c) or large-cell
type (Fig. 5.22d). Cytological features of small-
cell type include a small size, a round-to-fusiform
shape, scant cytoplasm, finely granular nuclear
chromatin, absent or inconspicuous nucleoli and
a high mitotic ratio (>20 mitoses per 10 HPF).
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Fig.5.21 Case 5: Well-differentiated (WHO Grade 1) neu-
roendocrine neoplasm in the setting of AIG (Type 1). A
72-year-old man referred for evaluation of macrocytic anae-
mia with B12 deficiency. Gastroscopy revealed atrophic
appearing corpus gastric mucosa with antral sparing suggest-

ing likely autoimmune atrophic gastritis. In addition to this,
there was a 9 mm nodule noted on the mid-gastric body
greater curve (a, b featuring retroflexion view). The nodule
was resected and sent for histopathology. Diagnosis was a
well-differentiated (Grade 1) neuroendocrine neoplasm (c)

Fig. 5.22 (a) Neuroendocrine neoplasm—associated with AIG. (b) Neuroendocrine neoplasm—sporadic. (c)
Neuroendocrine carcinoma—small-cell type. (d) Neuroendocrine carcinoma—Ilarge-cell type



5 Stomach: Neoplastic Patterns and Mimics

Fig.5.22 (continued)

Table 5.3 Differential diagnoses and diagnostic markers of tumours with spindle cell pattern

Cell of origin Diagnosis Markers
Interstitial cells | GIST c-Kit, DOG1, CD34
of Cajal
Smooth muscle | Leiomyoma, leiomyosarcoma Smooth muscle actin, caldesmon, Desmin
Neural Schwannoma, neurofibroma, perineurioma, S100, EMA (perineural), synaptophysin
granular cell tumour, MPNST (ganglion cell)
Gangliocytic paraganglioma, ganglioneuroma/
ganglioneuromatosis
Fibroblastic/ Inflammatory fibroid polyp CD34, smooth muscle actin, fascin
myofibroblastic | Solitary fibrous tumour CD34, STAT6
Inflammatory myofibroblastic tumour ALK, smooth muscle actin
Fibromatosis (desmoid tumour) Beta-catenin (nuclear staining)
Plexiform fibromyxoma Smooth muscle actin
Vascular Angiosarcoma CD31, CD34
Kaposi sarcoma HHVS, CD31, CD34
Glomus tumour Smooth muscle actin
Adipose Dedifferentiated liposarcoma MDM2, CDK4, pl16, MDM?2 amplification
Epithelial Sarcomatoid carcinoma Cytokeratin
Unknown Synovial sarcoma EMA, cytokeratin, SS18-SSX1/2 fusion
Clear cell sarcoma S100, EWSRI-ATF1/CREBI fusion
Metastasis Sarcoma, melanoma, sarcomatoid carcinoma

GIST gastrointestinal stromal tumours

Large-cell type shows more vesicular nuclei with
more prominent nucleoli as well as larger cell
size and lower nuclear-cytoplasmic ratios than
small-cell type. The cells are usually positive for
neuroendocrine markers but may be patchy.

A tumour with both neuroendocrine carci-
noma and adenocarcinoma components (with
each component exceeding 30%) is referred to as
a “mixed adenoneuroendocrine carcinoma”,

MANEC, now called MiNEN in the new WHO
2017 endocrine tumour classification.

Confirmation of Neuroendocrine Nature
The most useful confirmative immunostains

include chromogranin, synaptophysin and CD56
although routine immunohistochemical stains
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may not be necessary to identify the neuroendo-
crine pattern but are used for confirmation in par-
ticular in NECs and mixed neoplasms.
Immunostains for neuropeptide hormones are not
routinely performed.

Grading of NENs

Once a diagnosis of a neuroendocrine neoplasm or
neuroendocrine carcinoma is confirmed, mitotic
count and proliferation index (PI) determined
nuclear staining by Ki-67 immunohistochemistry
are performed. Manual counting (2000 cells per
ENETS), “eyeballed” estimate and digital image
analysis are methods used for assessment of pro-
liferation index. Readers are advised to refer to
texts that would detail recommendations and dis-
cuss controversies of grading criteria of NENs. In
spite of heterogeneity reported in NENs and
NECs, grading of NENs/NECs should be per-
formed on endoscopic biopsies. This is important
for therapeutic decisions in patients with inopera-
ble and/or high-grade NENs and NECs in which
the only diagnostic material available may be
endoscopic biopsies. NECs by definition are high
grade and proliferation index is often irrelevant.
An endoscopic biopsy report of a confirmed
neuroendocrine neoplasm/carcinoma  should
include any relevant associated pathology such as
autoimmune gastritis considering the clinical set-
ting in view of their tendency for recurrences yet
good prognosis. A common pitfall is crushed neu-
roendocrine cells in small biopsies that could be
easily missed especially those found in random
endoscopic biopsies. A comment on the margin
status may be required for those tumours that pres-
ent as small polyps and subject to polypectomy.
Gastric NENs are of three types with impor-
tant prognostic and clinical differences. Type I
tumours arise in the setting of autoimmune gas-
tritis (70-80%). Type II tumours are associated
with MENI1-Zollinger-Ellison syndrome and
account for 5-10% of NENs. Type III tumours
are sporadic, are nearly always solitary and are
generally aggressive (Fig. 5.22b). Type 1 tumours
(Fig. 5.22a) show indolent behaviour, whereas
the biology of type II tumours is intermediate.

In the stomach if the tumour is confined to the
mucosa measuring more than 500 pm (0.5 mm)
or invades the submucosa, the lesion is consid-
ered NEN. The WHO defined these nodules that
are < 0.5mm (500um) as micro carcinoids. The
lesions measuring 150-500 pm are termed neuro-
endocrine dysplasia. Those <150 pm are classi-
fied as hyperplasia. However, the size may be an
arbitrary criterion and inadequate to determine
the clinical significance.

Long-standing hypergastrinaemia is consis-
tently associated with endocrine cell
(enterochromaffin-like  cells)  hyperplasia.
Corpus predominant chronic AIG is the most
common cause. Less commonly AIG may
supervene over chronic Helicobacter pylori
gastritis. In a minority of cases, corpus predom-
inant Helicobacter pylori gastritis may be
responsible. Less commonly unrelated causes
may be responsible for ECL oncogenesis (i.e.
MEN syndrome) [20-27].

Non-epithelial Pattern

This category includes many neoplastic enti-
ties common to the entire GI tract, and a gen-
eral introduction is given in Chap. 2. On the
basis of morphologic pattern, non-epithelial
patterns in a gastric mucosa biopsy are with
diffuse round cell (or epithelioid-like) pattern
(Table 5.4), spindle cell pattern (Table 5.3)
and an admixture, biphasic pattern (Table 5.5).
Epithelial tumours when differentiated may
assume a diffuse architectural pattern with
sparse or no glandular differentiation. When
rounded epithelioid growth patterns are noted,
non-glandular epithelial neoplasms, in partic-
ular squamous cell and neuroendocrine neo-
plasm, as well as lymphoma, melanoma and
epithelioid mesenchymal tumours should be
considered. Dominant cytoplasmic tinctorial
quality (blue cell, pink cell or clear cell) on
the H&E stain can give a clue to the diagnosis.
Tumours that develop specifically in the stom-
ach include plexiform fibromyxoma and gas-
troblastoma, a diagnosis unlikely to be made
in a gastric biopsy.
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Table 5.4 Differential diagnoses and diagnostic markers of tumours with diffuse round cell (or epithelioid-like)

pattern

Diagnosis

Markers

Blue cells Lymphoma

LCA (CD45)

(Small round Plasma cell tumours

cell tumours)

CD138, light chain

Leukaemia MPO, CD34

Less differentiated gastric adenocarcinoma | AE1/AE3

Neuroendocrine neoplasm Chromogranin A, synaptophysin, CD56
Mastocytosis CD117, CD25

Sarcoma, e.g. Ewing’s/PNET

CD99 (membranous), EWSRI-FLI-1/ERG fusion

Melanoma

S100, HMB45, MelanA/MART-1

Metastasis, e.g. breast lobular carcinoma

ER, PgR, GCDFP-15

Pink cells

GIST CD117, DOG1, CD34
Histiocytic tumours CD68

Glomus tumour SMA

Granular cell tumour S-100, SOX10
Langerhans cell histiocytosis CDla

Epithelioid smooth muscle tumour

SMA, desmin, H-caldesmon

Melanoma

S100, HMB45, MelanA/MART-1

Metastasis, e.g. hepatocellular carcinoma

Glypican-3, Hep Par-1, AFP, arginase

Clear cells GIST CD117, DOG1, CD34
Histiocytic lesions (xanthoma) CD68
Lymphoma LCA
Carcinoma AE1/AE3
Neuroendocrine neoplasm, clear cell type | Chromogranin A, synaptophysin, CD56
Mastocytosis CD117, CD25
Langerhans cell histiocytosis S-100, CDla

Clear cell sarcoma

S100, HMB45, MelanA/MART-1,
EWSRI-CREBI fusion

PEComa

HMB45, MelanA/MART-1

Epithelioid smooth muscle tumour

SMA, desmin, H-caldesmon

Metastasis, e.g. clear cell renal cell
carcinoma

CD10, vimentin, RCC, PAX8

GIST gastrointestinal stromal tumours

Table 5.5 Differential diagnoses and diagnostic markers
of tumour with biphasic pattern—glandular and stromal
proliferation

Diagnosis Markers

Carcinosarcoma | AE1/AE3, EMA

Synovial AEI1/AE3, EMA, TLEI, SS18-
sarcoma S§X1/2 fusion

Endometriosis ER, PgR

Mesothelioma calretinin, WT-1, D2-40
Teratoma

Gastroblastoma | GLI1 (IHC) and MALAT1-GLI1

Diffuse Round Cell Pattern

The most common neoplasm that presents with
“diffuse round small blue cell pattern” in a gastric
biopsy is MALT lymphoma characterised by a
monotonous infiltrate of monocytoid B cells that
expand and replace the normal structures of the
lamina propria (Fig. 5.23a). Infiltration of the gas-
tric glands by neoplastic lymphoid cells in the
form of lymphoepithelial lesions is a characteristic
feature. Presence of larger blue cells should raise
the possibility of transformation to diffuse large
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Fig.5.23 (a) MALT lymphoma. (b) Diffuse large B-cell lymphoma

B-cell lymphoma. Genuine diffuse large B-cell
lymphomas (DLBCL) show large blue cell pattern
(Fig. 5.23b) and are more likely to present with
macroscopic lesions compared MALT lympho-
mas that often present in mucosal biopsies. Florid
H. pylori gastritis with a diffuse lymphoplasma-
cytic infiltrate can be alarming. In fact, distinction
may be very difficult. B-cell clonality studies by
advanced polymerase chain reaction technology
(using Wotherspoon criteria) may be helpful in the
distinction. Other neoplasms that may present as
small round blue pattern are listed in Table 5.4.

The stomach is one of the most common
sites of gastrointestinal MALT lymphomas.
Approximately 50% of MALT lymphomas occur
in the GI tract, and about 85% of these occur in
the stomach. Around 50% of gastric lymphomas
are MALT lymphomas. Helicobacter pylori is
the major cause of gastric MALT lymphoma and
is present in 75-90% of cases. Eradication of H.
pylori with antibiotics results in complete histo-
logical remission in about 70% cases. Histological
response can be scored on endoscopic biopsies
according to GELA recommendations.

Eradication of H. pylori with antibiotics
induces complete histological remission in about
70% of gastric MALT lymphoma (GML) cases,
and time to achieve remission may last up to
24 months [28-30].

Blue Cell Pattern

Blue cell pattern in a gastric biopsy can mimic
a lymphoma. Lymphomatoid gastropathy (or

NK-cell enteropathy) is a rare NK-cell prolif-
eration in the gastrointestinal mucosa [31, 32].
This is essentially a benign lesion and usually
self-limited disease, but unfortunately overdi-
agnoses and overtreatment frequently occur
because of its close resemblance to malignant
lymphoma. Endoscopically, lymphomatoid
gastropathy shows slightly elevated haemor-
rhagic appearance and is always small (around
1 cm) and localised or has multiple lesions.
Mucosal biopsy shows expansion of the lamina
propria by confluent infiltrates of medium to
large-sized atypical lymphoid cells with abun-
dant clear or slightly eosinophilic cytoplasm
(Fig. 5.24a, b). Mitoses or apoptosis are not
prominent. Characteristically, eosinophilic
granules are often observed in the cytoplasm
(Fig. 5.24b). In immunohistochemistry, lym-
phomatoid gastropathy shows NK-cell pheno-
type, i.e. cytoplasmic CD3+, CD7+, CD56+,
and cytotoxic molecules +. T-cell markers (sur-
face CD3, CD4, CD5, TCRap), B-cell markers
(CD20) and EBV infection (EBER-ISH) are
negative. Ki-67 positive ratio is about 10-30%.

Spindle Cell Pattern

Spindle cell pattern in a gastric biopsy is charac-
teristic of gastrointestinal stromal tumour
(GIST) although rare epithelial tumour cells
may be spindle-shaped, such as poorly differen-
tiated carcinoma and sarcomatoid carcinoma (or
sarcomatous component of carcinosarcoma).
The vast majority of mesenchymal tumours
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Fig. 5.24 Lymphomatoid gastropathy. (a) A biopsy
shows diffuse cellular infiltration in the lamina propria
with haemorrhage and erosion. (b) Medium-sized atypical
lymphoid cells with abundant clear or slightly eosino-

within the GI tract are GIST, and in this section
the major emphasis is on this neoplasm. GISTs
must be distinguished from other spindle cell
proliferations in the GI tract (Table 5.3)
(Fig. 5.25a, b).

Many have overlapping histologic features,
and their accurate diagnosis can be challenging
in the setting of limited endoscopic biopsy
material. Because most of these lesions develop
as a submucosal mass, mucosal biopsy often
fails to obtain tissues sufficient for a diagnosis,
although several approaches such as boring
biopsy (tunnel biopsy) and endoscopic ultra-
sound/fine-needle aspiration (EUS-FNA) biopsy
are currently used. In this setting, a panel of
immunohistochemistry (and molecular testing)
is often needed to make a definitive diagnosis
(Table 5.3). The histomorphology of GIST has a
wide spectrum, but most GISTs show spindle
cell tumours, and a minority (20-25%) has epi-
thelioid, mixed spindle and epithelioid or rarely
pleomorphic histology. Spindle cell GISTs are
composed of uniform elongated cells arranged
in intersecting fascicles. Perinuclear vacuoles
are frequently present in gastric GISTs
(Fig. 5.25a). Nuclear palisading, resembling
Antoni A areas of a schwannoma, is occasion-
ally encountered. The stroma may show myxoid
change (Fig. 5.25¢, d), hyalinisation or calcifi-
cation. Nearly one half of small intestinal GISTs
contain oval or elongated eosinophilic aggre-
gates of extracellular collagen fibres, so-called

philic cytoplasm diffusely infiltrate the lamina propria.
Some of them have eosinophilic granules in their cyto-
plasm (arrow). These atypical lymphoid cells are positive
for CD56 immunostaining (inset)

skeinoid fibres. Epithelioid GISTs are charac-
terised by rounded cells arranged in nests or
sheets, with variably eosinophilic to clear cyto-
plasm and vesicular nuclei (Fig. 5.25e).
Pleomorphic morphology is unusual in GISTs
but can be seen especially in a rare example of
dedifferentiated GIST, in which a transition
from a conventional KIT-positive spindle cell
pattern to an anaplastic or pleomorphic mor-
phology with frequent loss of KIT immunoreac-
tivity is noted [33]. Tumour size and mitotic
activity are key parameters in assessing the bio-
logic potential and should be reported when
enough tissue samples are biopsied [34]. In
immunohistochemistry, the key feature of GIST
is positivity for the Kit (CD117; Fig. 5.25f); it is
expressed in more than 95% of GISTs. DOGI
antibody is an equally sensitive and specific
marker for GISTs (Fig. 5.25g). CD34 is also
commonly expressed in about 70% of GISTs
but less specific than Kit and DOG1. A minority
of GISTs are variably positive for smooth mus-
cle actin (20-30%), S100 (5%) and keratin
(CK18) or Desmin (1-2%). Since a subset of
malignant melanomas express KIT, melanoma
should be excluded by performing a panel of
melanocytic markers in a case with significant
atypia and mitotic activity. SDH-deficient
GISTs, which especially include paediatric
GISTs and those associated with Carney triad or
Carney-Stratakis syndromes, are identified by
immunohistochemical loss of SDHB.
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Fig. 5.25 Gastrointestinal stromal tumour (GIST). (a)
Tissue sample of this gastric submucosal tumour was taken
by endoscopic ultrasound-guided fine-needle aspiration.
Tumour is a spindle cell GIST composed of uniform spin-
dle cells with perinuclear vacuoles and nuclear palisading.

(b) Endoscopic biopsy of a GIST. (¢, d). Spidle and myx-
oid areas (highlighted in b in high power) (e) Epithelioid
GIST composed of epithelioid cells with moderate nuclear
pleomorphism. (f) CD117 and (g) DOG-1 stain with
immunohistochemistry in case shown in (b)
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Table 5.6 Immunohistochemical markers useful for dif-
ferentiating gastric primary from metastasis

Markers

TTF-1, napsin A

Primary sites
Lung
adenocarcinoma

Breast cancer Oestrogen receptor, progesterone
receptor, GCDFP-15,
mammaglobin, GATA-3

p40, p63, CK5/6

Squamous cell
carcinoma

Malignant S100, HMB45, MelanA/MART1

melanoma

Metastatic Patterns

The characteristic metastatic pattern is submuco-
sal tumour-like appearance, lack of intraepithe-
lial neoplastic component (i.e. precursor lesion of
dysplasia/adenoma), distribution predominantly
involving deep mucosal or submucosal layer
rather than mucosal surface and invasion between
non-neoplastic glands, although none of them are
specific to metastatic diseases.

A diagnosis of metastatic carcinoma is usually
established by confirming the morphologic simi-
larity between the gastric biopsy and the primary
tumour. Even if the histology of primary tumour
is not available for review, the diagnosis is often
possible based on the characteristic morphology
and immunophenotype specific to tumours of
each primary site. When the presence of extra-
gastric lesion or past medical history of cancer is
not recognised clinically, the diagnosis can be
challenging. Common primary sites developing
gastric metastases include lung cancer, breast
cancer, oesophageal cancer and malignant mela-
noma. Table 5.6 summarises markers of these
tumours that are useful for differential diagnosis.
Other primary tumours from the kidney, pan-
creas, testis, cervix, colon, liver, etc. have been
reported as well. Notably, stomach metastasis
from the breast lobular carcinoma may mimic
primary poorly cohesive carcinoma histologi-
cally and endoscopically, because it may show
morphology of signet ring cell carcinoma and
extensive infiltration involving stomach wall sim-
ilar to scirrhous-type gastric cancer (Fig. 5.26).
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Fig. 5.26 Metastatic lobular carcinoma of the breast. (a)
This patient has a past medical history of breast cancer
5 years ago. Upper endoscopic examination shows diffuse
mucosal erythema and thickened folds, worrisome feature
for scirrhous carcinoma. (b) Mucosal biopsy shows
diffuse infiltration of discohesive neoplastic cells, con-
sistent with primary diffuse-type gastric cancer.
Immunohistochemistry of oestrogen receptor was per-
formed to rule out metastatic breast cancer and revealed
the neoplastic cells were diffusely positive. This is a typi-
cal example of metastatic lobular carcinoma of the breast.
It is important to know that metastatic lobular carcinoma
often mimics poorly cohesive carcinoma endoscopically
and histologically

HER2 (Human Epidermal Growth
Factor Receptor 2) and Gastric
Carcinomas

Recent advances in targeted therapy have identi-
fied HER2 as an important target for anticancer
therapy of gastric and gastroesophageal junctional
adenocarcinomas. The ToGA study showed clini-
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cally and statistically significant benefit in
response rates, median progression-free survival
and overall survival with the addition of the anti-
HER?2 biological agent, trastuzumab, to standard
chemotherapeutic regimens in advanced and met-
astatic G/GOJ carcinoma [35, 36]. Amplification
of the human epidermal growth factor receptor 2
(HER2) gene resulting in overexpression of the
protein products has been identified in 10-20% of
G/GOJ carcinomas. The reported frequency of
HER?2 overexpression ranges from 8.2% to 53.4%
in gastric carcinoma. Therefore, HER2 testing in
G/GOIJ carcinomas should be routinely performed
to identify those who will benefit from trastu-
zumab-based therapy.

When a G/GQOJ carcinoma is diagnosed in an
endoscopic biopsy, there are a few important factors
to consider with regard to routine HER2 testing.

Selection of the Correct Patient
for Targeted Therapy

HER?2 positivity determines the eligibility for
HER?2 targeted therapy. HER2 status can be
determined by estimation of protein expression
by immunohistochemistry (IHC) or assessment
of HER2 amplification by in situ hybridisation
(ISH). Accurate testing is dependent on several
pre-analytical and analytical factors including
sample selection, laboratory techniques and
accurate interpretation of HER?2 test results.

Material Suitable for Testing?

As most patients with G/GOJ carcinoma present
with advanced disease, endoscopic biopsy may be
the only material available for diagnosis and bio-
marker testing. Samples that could be tested are
endoscopic biopsies, resection specimens and meta-
static tumours including cytology samples.
Formalin-fixed paraffin-embedded tissue is ideal
for HER?2 testing by any method. Cold ischaemic
time and duration of fixation are important pre-
analytical issues that may influence test results.
Archival material may be used for testing; however,
freshly cut sections should be used for testing.

Testing Methods Employed

Gene amplification is tested by in situ hybridisa-
tion (ISH) and protein expression by IHC meth-
ods. ISH can be performed by bright-field
(chromogen (CISH) or silver (SISH)) and dark-
field {fluorescence (FISH)} techniques. Bright-
field method is preferred for HER2 testing.

Who Should Be Interpreting
and Reporting Results?

Interpretation of both IHC and ISH requires spe-
cific expertise on the subject. Centralised testing
has shown to give more reliable testing. Ideally
gastrointestinal pathologists who have been spe-
cially trained to deal with pre-analytical, analyti-
cal and post-analytical issues should be dealing
with HER?2 interpretation and reporting. It is of
paramount importance that invasive carcinoma
cells are assessed separating them from preinva-
sive lesions and indeed reactive epithelial and
stromal cells. Diagnostic problems of invasive
carcinoma, in particular signet ring cell and
poorly cohesive carcinomas, and problems of dif-
ferentiating dysplasia, reactive changes and inva-
sion are discussed above. HER2 assessment is
essentially a manual exercise that needs to be
coupled with in-depth understanding of diagnos-
tic issues of endoscopic biopsies and knowledge
of technical issues. The optimum number of
tumour fragments for accurate result is 5 or more
due to heterogeneity of HER2 expression in
G/GOJ carcinomas.

Standardised reporting with documentation of
specimen adequacy, methods employed, interpre-
tation and final test result are mandatory items.

Testing Algorithm

Hoffman et al. validated IHC scoring for HER2
protein expression before the landmark ToGA
trial. Scoring criteria and adequacy criteria for
biopsies (and resections) were recommended
(Fig. 5.27). The main differences from assessing
HER?2/neu in breast cancer are that gastric cancers
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HER 2 assessed by a validated IHC assay

Controls and test slides show appropriate staining

No membranous
staining or staining
only in rare cells
((CEERUETES
cohesive cells)

Staining is weak or
detected in only
one part of
the membrane
of at least 5
cohesive cells

No ISH required
HER2 NEGATIVE

Fig. 5.27 HER?2 testing algorithm

often do not show complete membranous stain-
ing (i.e. staining is often basolateral) and that
only five cells in a biopsy specimen are required
to show immunoreactivity to be considered for a
positive. Heterogeneity of the overexpression/
amplification of HER2 in gastric cancer is more
prevalent up to 40% in GC. The recent ASCO/
CAP guidelines recommend ISH confirmation
for IHC 2+ cases only. The cut-offs for HER2
ISH positivity have been defined as ratio >2 or
CN >6 even in the presence of a ratio. Others rec-

Moderate/weak
complete or
basolateral

membranous

staining
of at least
5 cohesive cells

Strong complete or
basolateral
membranous
staining of at
least 5
cohesive cells

ISH required
ISH NEGATIVE - HER2 NEGATIVE
ISH POSITIVE - HER2 POSITIVE

ommend ISH confirmation for IHC3+ cases to
avoid false-positive results [37—44].
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