Pathology - Research and Practice 215 (2019) 152525

Contents lists available at ScienceDirect

= FOGY
ESEARCH
RACTICE

Pathology - Research and Practice

journal homepage: www.elsevier.com/locate/prp

Gastric adenocarcinoma with enteroblastic differentiation should be
differentiated from hepatoid adenocarcinoma: A study with emphasis on
clear cells and clinicopathologic spectrum

Check for
updates

Mi Jung Kwon?, Sunju Byeon”, So Young Kang”, Kyoung-Mee Kim"*

2 Department of Pathology, Hallym University Sacred Heart Hospital, Anyang, Republic of Korea
Y Department of Pathology and Translational Genomics, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea

ARTICLE INFO ABSTRACT

Keywords: Background: In gastric cancer, clear cells are preferentially found in gastric adenocarcinoma with enteroblastic
Clear cell differentiation (GAED) and hepatoid adenocarcinoma (HAC). The distinction between GAED and HAC is difficult
Hepatoid because of their rarity and histologic overlap.

Gastric Methods: To elucidate identification of gastric adenocarcinoma with clear cells as GAED or HAC, survival
g:ﬁgz;}a analyses were performed in 28 GAED, 26 HAC, and 1107 conventional adenocarcinoma cases. Cells of origin
Diagnosis were assessed by investigating the expression of oncofetal proteins (a-FP, glypican-3, SALL4), in addition to
Survival gastric (MUC5AC, MUCS6), and intestinal (MUC2, CD10, CDX-2) cell markers.

Results: Clinically, HAC showed frequent (57.5%) distant metastasis (mostly in the liver) at the time of diagnosis
compared to GAED (P < 0.001). On pathology, all 28 GAED had a predominantly tubulopapillary growth
pattern while 24 HAC displayed a predominantly hepatoid growth pattern. In survival analyses, patients with
HAC had significantly shorter overall and recurrence-free survival (mean: 25 months, and 53 months, respec-
tively) compared to those with GAED (mean: 107 months, and 118 months, respectively) (P < 0.001).

HAC with clear cells showed diffuse and strong expression of all oncofetal proteins (a-FP, glypican-3, and
SALL4), were highly positive for CDX-2, and were negative for CD10, MUC6, MUC5AC, and MUC2, suggesting an
intestinal mucin phenotype and hepatoid features. In contrast, GAED showed focal expression of one or two
oncofetal proteins and commonly expressed CD10, CDX-2, and MUC6 but not MUC2 and MUC5AC, suggesting
both gastric antral/intestinal mucin phenotype and focal enteroblastic differentiation. SALL4 was diffusely and
strongly positive in HAC, while it was heterogeneously expressed in GAED.

Conclusions: In conclusion, although rare, HAC with clear cells should be differentiated from GAED based on the
poor prognosis, diffuse and strong oncofetal protein expression, and intestinal mucin phenotype.

1. Introduction have been used to diagnose HAC [9,21], oncofetal proteins are also
variably expressed in GAED [3,5,16,21].
GAED is a rare variant of well-differentiated gastric adenocarcinoma

and usually arises either in the cardia or the pylorus/antrum of the

Primary gastric adenocarcinoma with clear cells is rarely en-
countered in the stomach [5,6]. Gastric adenocarcinoma with en-

teroblastic differentiation (GAED; also known as clear cell carcinoma or
pylorocardiac carcinoma), hepatoid adenocarcinoma (HAC), and pa-
pillary adenocarcinoma are representative histologic subtypes of gastric
adenocarcinoma with clear cells [2,16,18,20,21]. Unlike papillary
adenocarcinoma showing easily recognizable and well-formed papillae,
differential diagnosis between GAED and HAC is challenging for many
pathologists. Although a high level of serum a-fetoprotein (a-FP) and
expression of oncofetal proteins such as a-FP, glypican-3, and SALL4

stomach, and accounts for 2.24% of gastric cancers [5,6,12]. Histolo-
gically, GAED or clear cell carcinoma of the stomach is a variant of well-
differentiated gastric adenocarcinoma exhibiting a tubulopapillary
growth pattern with predominantly clear cells and luminal eosinophilic
secretions [4-6,12,17,20]. In GAED, solid areas are composed of large
cells with hyperchromatic nuclei and abundant clear cytoplasm with
intracytoplasmic PAS-positive droplets, which closely resemble clear
hepatoid areas [6,15,20]. HAC is also an uncommon entity of primary
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gastric adenocarcinoma harboring distinct hepatoid area mimicking
hepatocellular carcinoma, frequently associated with elevated serum a-
FP, and accounts for 0.17%-0.9% of gastric adenocarcinoma [3,17].
Since its introduction in 1985 [14] HAC is defined by the minimum
criteria of distinct hepatoid area regardless of its proportion within the
tumor mass or AFP production in WHO classification [9,10,13]. HAC is
characterized by hepatoid features arranged in a trabecular or solid
nested growth pattern with large polygonal hepatocyte-like neoplastic
cells [11,14,21]. HACs are not totally composed of eosinophilic cyto-
plasm and often contain varying degrees of clear cells mimicking fetal
gut epithelium [1,7,8,10,13,16,20]. However, lack of sinusoid-like
vascular channel in solid pattern of GAED is the distinguishable char-
acteristic from HAC with clear cells [12]. Although these tumors are
generally distinguishable, they display a substantial degree of histologic
overlap resulting in diagnostic challenges [8,13,16,20].

Recently, Murakami et al. [18] reported 29 GAED cases as a distinct
pathologic entity showing expression of oncofetal proteins (a-FP, gly-
pican-3, and SALL4) and aggressive clinical behavior. They regarded
GAED as equivalent to clear cell carcinoma and a subset of (a-FP-ex-
pressing) HAC. However, given that GAED does not always express
oncofetal proteins [5,6], controversies remain, warranting larger scale
studies with clinical data.

The aims of the present study were to 1) classify gastric adeno-
carcinoma with clear cells as GAED or HAC based on histology and
oncofetal protein expression, 2) identify the clinical significance of
GAED and HAC compared to conventional tubular adenocarcinoma,
and 3) determine the mucin profiles of clear cells that may help trace
the origin of clear cells.

2. Materials and methods
2.1. Patients and data collection

This study was approved by the Institutional Review Board of
Samsung Medical Center. A computer search of patient electronic charts
and pathology reports was performed to identify surgically resected
cases with pathology reports. As a result, 26 HACs and 30 GAEDs di-
agnosed in Samsung Medical Center between January 2002 and March
2012 were identified. The resected gastric specimens were fixed with
10% neutral buffered formalin for 10-48h and the representative
tumor mass (6-10 sections) was embedded in paraffin blocks. All he-
matoxylin and eosin-stained sections of specimens were thoroughly
reviewed and confirmed by two gastrointestinal pathologists (Kim, K-M
and Kwon, MJ).

The diagnoses of GAED and HAC were primarily based on typical
morphologic features. GAED was based on the criteria described pre-
viously [5,15,18] and diagnosed when cells with clear cytoplasm, tu-
bulopapillary growth pattern, and luminal eosinophilic secretions
comprised more than 30% of the total tumor population without defi-
nite clear hepatoid areas. Focal clear cells within the tumor were ex-
cluded to strictly analyze GAED.

HAC was diagnosed with distinct observation of a typical hepatoid
component with solid or trabecular growth pattern separated by sinu-
soidal vascular channels [11,14]. In total, 26 HACs and 28 GAEDs were
analyzed.

Tumor stage was classified based on the 7th edition of the American
Joint Committee on Cancer (AJCC) [14]. Clinical information including
age, sex, and survival or recurrence follow-up data was obtained ret-
rospectively from medical charts. Tubular adenocarcinomas surgically
resected from 1996 to 2005 were used as controls and were divided into
well differentiated (WD-TA), moderately differentiated (MD-TA), and
poorly differentiated (PD-TA) tubular adenocarcinoma according to
histologic differentiation. A total of 1107 control group patients in-
cluded 725 men and 382 women from 23 to 74 years of age (median 52
years) and consisted of 808 PD-TA and 299 WD/MD-TA.
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2.2. Immunohistochemical analyses

Immunohistochemistry (IHC) was performed on 4 pum sections of
formalin-fixed, paraffin-embedded tissue from all 54 cases. Bond-max
autoimmunostainer (Leica Biosystem, Melbourne, Australia) with
Bond™ Polymer refine detection (DS9800, Vision Biosystems,
Melbourne, Australia) was used according to the manufacturer’s pro-
tocol. The primary antibodies were mouse monoclonal antibodies for
MUC2 (1:100, Novocastra, Newcastle, UK), MUC5AC (1:100,
Novocastra), MUC6 (1:100, Novocastra), CD10 (1:100, Novocastra),
CDX-2 (1:50, BioGenex, San Ramon, CA), a-FP (pre-diluted, Dako,
Glostrup, Denmark), glypican-3 (1:100, BioMosaics, Burlington, VT,
USA), and SALL4 (1:200; Cell Marque, Rocklin, CA, USA).

Staining status was defined as positive when =1% of tumor cells
showed staining; staining was scored “focal” positive when 1-30% of
tumor cells showed staining and “diffuse” positive when staining was
observed in > 30% of tumor cells, as previously described [9,11]. Cy-
toplasmic and/or membranous staining was interpreted for a-FP, gly-
pican-3, MUC2, MUC5AC, MUCS6, and CD10 status assessment [11]. For
SALL4 and CDX-2, only nuclear staining was interpreted as positive
[11,18,19].

2.3. Statistical analysis

Pearson’s > test and Fisher’s exact test were used to compare
clinicopathologic variables and expression of CD10, CDX2, MUC2,
MUC5AC, MUC6, a-FP, and glypican-3 in HAC and GAED. Recurrence-
free and overall survival outcomes were estimated by the Kaplan-Meier
method, and differences between survival curves were analyzed by log-
rank test. Recurrence-free survival was defined as the interval between
the first day of surgery and tumor progression or the end of follow-up.
Overall survival was defined as the interval between the first day of
surgery and death or the end of follow-up. Survival analysis was per-
formed in June 2012. All calculations were performed using the
Statistical Package for the Social Sciences (SPSS) software (version 18;
SPSS Inc., Chicago, IL, USA), and results were considered statistically
significant when P values were < 0.05.

3. Results
3.1. Clinicopathologic findings of HAC and GAED

The clinical and pathologic features of patients with HAC and GAED
are listed in Table 1 and Fig. 1. HACs showed a high proportion (57.5%)
of distant metastasis (mostly in the liver (42.3%)) at the time of diag-
nosis (P < 0.001), which was significantly different from that of
GAEDs (P = 0.001). In addition, HACs were diagnosed at a more ad-
vanced disease stage than GAEDs: 61.5% of HACs were diagnosed at
stage III or IV; 82.1% of GAED were diagnosed at stage I or II
(P = 0.002). Vascular invasion was frequently identified in HACs
(96.2%, 25/26) but was less frequently identified in GAEDs (71.4%, 20/
28) (P = 0.025). There was no statistical difference in lymphatic or
perineural invasion between HAC and GAED (P = 0.18 and P = 0.7,
respectively).

Although there was no statistical significance, patients with GAED
tended to display lower pT stages than those with HAC; 60.7% (17/28)
of GAED were either in pT1 or pT2, whereas 65.4% (17/26) of HAC
were in pT3 or pT4 (P = 0.064). Five of 28 GAED cases (17.9%) ex-
hibited tumor multicentricity (P = 0.052). Other parameters such as
sex, age, tumor location, tumor size, and pN category were not sig-
nificantly different between HAC and GAED (P > 0.05).

On detailed pathologic examination, significant differences were
observed in dominant morphologic pattern, presence and proportion of
clear cells, eosinophilic secretions, geographic coagulation necrosis,
height (columnar) of glandular epithelial cells, and presence of multi-
nucleated giant cells between HAC and GAED (Supplementary Table 1).



M.J. Kwon, et al.

Table 1
Clinicopathologic features of hepatoid adenocarcinomas and clear cell gastric
carcinomas.

HAC GAED P
n = 26 (%) n = 28 (%)

Sex 0.884
Male 20 (76.9) 22 (78.6)
Female 6 (23.1) 6 (21.4)

HBV/HCV 0.699
Present 4 (15.4) 3 (10.7)
Absent 22 (84.6) 25 (89.3)

Family gastric cancer Hx 1.000
Present 2(7.7) 3(10.7)
Absent 24 (92.3) 25 (89.3)

Age (y)* 59.77 + 1.18 63.11 + 1.04 0.263

Tumor location
Upper 1(3.8) 2(7.1) 0.866
Middle 8(30.8) 8 (28.6)
Lower 17 (65.4) 18 (64.3)

Size (cm)” 5.75 = 2.94 5.44 = 2.79 0.808

T classification 0.064
pT1-T2 9 (34.6) 17 (60.7)
pT3-T4 17 (65.4) 11 (39.3)

N classification 0.260
pNO-1 14 (53.8) 20 (71.4)
pN2-3 12 (46.2) 8 (28.6)

M classification < 0.001
pMO 11 (42.3) 27 (96.4)
pM1 15 (57.7) 1 (3.6)

Lymphatic invasion 0.179
Present 23 (88.5) 20 (71.4)
Absent 3(11.5) 8 (28.6)

Vascular invasion 0.025
Present 25 (96.2) 20 (71.4)
Absent 1(3.8) 8 (28.6)

Perineural invasion 0.706
Present 3(11.5) 5(17.9)
Absent 23 (88.5) 23 (82.1)

AJCC stage 0.002
-1 10 (38.5) 23 (82.1)
-1V 16 (61.5) 5(17.9)

Multicentricity 0.052
Present 0 (0) 5(17.9)
Absent 26 (100) 23 (82.1)

Liver metastasis 0.001
Present 11 (42.3) 1(3.6)
Absent 15 (57.7) 27 (96.4)

Recurrence < 0.001
Present 21 (80.8) 6 (21.4)
Absent 5(19.2) 22 (78.6)

Survival < 0.001
Alive 11 (42.3) 26 (92.9)
Dead 15 (57.7) 2(7.1)

Treatment 0.955
Surgery only 11 (42.3) 13 (46.4)
Surgery + CTx 8 (30.8) 8 (28.6)

Surgery + CCRT 7 (26.9) 7 (25.0)

2 Two-tailed t-tests of mean = SD. HAC hepatoid adenocarcinoma, GAED
clear cell gastric carcinoma, HBV/HCV hepatitis B virus and hepatitis C virus,
Hx history, AJCC American Joint Committee on Cancer, CTx chemotherapy,
CCRT concomitant chemoradiation therapy.

All 28 cases of GAED (100%) had a predominantly tubulopapillary
growth pattern with prominent eosinophilic secretions (P < 0.001)
(Fig. 1a—c). Twenty-four HACs (92.3%) displayed a predominantly he-
patoid growth pattern, while only two HAC cases (7.7%) showed a
dominantly glandular morphological pattern (Fig. 1d-f).

Eosinophilic secretions were more frequently observed in GAED
(89.3%) than in HACs (23.1%) (P < 0.001). Geographic coagulation
necrosis was observed in 19 HACs (73.1%) (Fig. 1g) but was not ob-
served in GAED (P < 0.001). Multinucleated giant cells were fre-
quently detected in HAC (16 cases, 61.5%) (Fig. 1h), while they were
infrequent in GAED (5 cases, 17.9%) (P = 0.002). Clear cells frequently
seen in the glandular portion of GAED were columnar and usually
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stratified, while those in HAC were single-layered cuboidal cells. The
average clear cell percentage in GAED (67.0 = 18.9%) was much
higher than that in HAC (14.2 = 20.1%) (P < 0.001) (Fig. 1i). Eigh-
teen cases (69.2%) of HACs harbored clear cells, occupying < 10% of
tumor volume in 50% of the cases. In contrast, 71.4% of GAEDs showed
clear tumor cells occupying more than 50% of the tumor volume. This
difference between HAC and GAED was statistically significant
(P = 0.002).

3.2. Comparison of HAC and GAED with conventional tubular
adenocarcinoma

The clinicopathologic findings of HAC were compared with those of
PD-TA, and the clinicopathologic findings of GAED were compared with
those of WD/MD-TA (Table 2). There were statistically significant dif-
ferences in age, vascular invasion, pN stage, pM stage, lymphatic in-
vasion, vascular invasion, perineural invasion, liver metastasis, recur-
rence rate, and mortality rate between HACs and PD-TAs. The median
age of the PD-TA group (50 years) was younger than that of the HAC
group (58 years) (P < 0.001). Higher rates of advanced pN stage and
perineural invasion were noted in PD-TAs compared to HACs
(P = 0.037 and P = 0.030, respectively). Lymphatic invasion, vascular
invasion, and distant metastasis were more frequently identified in
HACs than in PD-TAs (P < 0.001, P < 0.001, and P < 0.001, re-
spectively).

Liver metastasis was noted in 42.3% of HACs but was found in only
5.8% of PD-TAs (P < 0.001). The average follow-up period was
77.9 = 31.9 months, and mortality and recurrence occurred more fre-
quently in HACs than in PD-TAs (P = 0.033 and P < 0.001, respec-
tively). Finally, patients with HAC had much worse overall and recur-
rence-free survival rates (mean: 53 months, and 24 months,
respectively) than patients with PD-TAs (mean: 108 months, and 107
months, respectively) (P < 0.001, and P < 0.001, respectively).

Direct comparison between GAEDs and WD/MD-TAs showed sig-
nificant differences in age, vascular invasion, pT stage, pN stage, AJCC
stage, multicentricity, and mortality rates. GAED occurred more fre-
quently in older patients (median age of 63 years) than WD/MD-TA
(median age of 58 years) (P = 0.002). Vascular invasion was more
frequently identified in GAED than in WD/MD-TA (P < 0.001).
However, GAED was significantly associated with lower pT stage, pN
stage, and AJCC stage than WD/MD-TA (P < 0.001, P < 0.001, and
P < 0.001, respectively). Overall, the clinical outcomes of HAC and
GAED were different from those of PD-TA and WD/MD-TA, respec-
tively.

3.3. Prognostic impact of clear cells in HAC and GAED

Patients with HAC had significantly shorter overall and recurrence-
free survival (mean: 25 months, and 53 months, respectively) compared
to those with GAED (mean: 107 months, and 118 months, respectively)
(P < 0.001) (Fig. 2). The 5-year survival rates for GAED, tubular
adenocarcinoma, and HAC were 79%, 64%, and 14%, respectively
(P < 0.001). Sub-group analysis was performed to understand differ-
ences in survival rates according to the proportion of clear cell histology
within the tumor. Based on a cut-off value of 10% of clear cells within
the tumor, there was no statistically significant survival difference in
HAC. For GAED with a cut-off of 50%, there were no significant dif-
ferences in recurrence-free and overall survivals. These results indicate
that clear cell histology does not affect prognosis in patients within
HAC and GAED.

3.4. Immunohistochemical findings of clear cell in HAC and GAED
To identify distinctive features of clear cells in HAC and GAED, the

expression pattern of oncofetal proteins (a-FP, glypican-3, SALL4),
gastric mucin (MUC6, MUC5AC), and intestinal mucin phenotype
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(CD10, CDX-2, MUC2) markers were compared by histologic pattern
(hepatoid areas of HAC vs. solid areas of GAED; clear glandular areas of
HAC vs. tubulopapillary areas of GAED) (Table 3). There were statis-
tically significant differences in a-FP and glypican-3 expression be-
tween hepatoid areas of HAC and solid areas of GAED (P = 0.014). All
(100%) hepatoid areas of HAC showed diffuse and strong positive ex-
pression of glypican-3, while half of the solid areas of GAED displayed
heterogeneous and weak glypican-3 expression (P < 0.001). SALL4
was diffusely positive in 94.7% of clear cells with HAC, whereas it
showed heterogeneous expression in all cases of GAED (100%)
(P < 0.001). In clear cell areas in both HAC and GAED, SALL4 was the
most sensitive marker (positivity, 100%), followed by glypican-3 (66%)
and a-FP (53.2%).

Expression of CD10, CDX2, and MUC6 was more frequently ob-
served in tubulopapillary areas of GAED than in clear cell glandular
areas of HAC. CD10 expression was identified in 71.4% (20/28) of
GAED (P < 0.001). CDX2 expression was found in 96.4% of GAED and
38.5% of HAC (P < 0.001). The CDX-2 expression pattern in GAED
was diffuse (19/27), while it tended to be focal in HAC (9/10). Higher
MUCS6 expression was identified in GAED than in HAC (P = 0.007), and
its expression was focal (9/9) in GAED. Conversely, a-FP expression
was more frequently observed in HAC with clear cell glandular areas
(78.9%, 15/19) than in GAED with tubulopapillary areas (35.7%, 10/
28) (P = 0.007). Glypican-3 expression was more frequently identified
in HAC than in GAED (P < 0.001). HAC with clear cell glandular areas
(73.3% and 77.8%) displayed diffuse a-FP and glypican-3 expression,
in contrast to GAED (10% and 7.7%). Representative IHC findings for
HAC and GAED are summarized in Fig. 3.

Expression of a-FP, glypican-3, and SALL4 was more frequently
observed in HAC with clear cells than in GAED. HAC with clear cells
displayed a diffuse a-FP, glypican-3, and SALL4 expression pattern, in
contrast to GAED. Expression of CD10, CDX2, and MUC6 was more
frequently observed in GAED than in clear cells of HAC. MUC5AC and
MUC2 were negative in both HAC with clear cells and GAED.
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Fig. 1. Histologic features of clear cell gastric
carcinoma (GAED) and hepatoid adenocarci-
noma (HAC). (A) GAED is typically a well-dif-
ferentiated gastric adenocarcinoma exhibiting
a tubulopapillary growth pattern with pre-
dominantly clear cells and luminal eosinophilic
secretions. (B) Clear cells contain abundant
cytoplasm and are arranged in well-differ-
entiated tubules or papillae with basally-lo-
cated hyperchromatic nuclei. (C) Solid pattern
is also observed in GAED, and the clear cyto-
plasm is vacuolated. (D) Typical hepatoid area
of HAC is composed of eosinophilic granular
hepatocyte-like neoplastic cells arranged in
cords of variable thickness. (E) Clear cells
growing in a papillary pattern are frequently
found in HAC. (F) Clear cells of HAC with va-
cuolated cytoplasm are arranged in a trabe-
cular or nested pattern. Coagulation necrosis
(G) and multinucleated giant cells (H) are
noted in HAC with clear cells. (I) The propor-
tion of clear cells is predominant in GAED
compared to HAC.

4. Discussion

Because of their rarity and similar histology, the differential diag-
nosis of GAED and HAC is often challenging. To prove the need to se-
parate gastric adenocarcinoma with clear cells into GAED and HAC, we
evaluated the survival differences of 28 GAED and 26 HAC cases
compared to 1107 conventional adenocarcinoma cases. We also in-
vestigated the expression of oncofetal proteins (a-FP, glypican-3,
SALL4) and mucins with their impact on prognosis. To the best of our
knowledge, this is the largest case series from a single institute.

The present study revealed that HAC and GAED were clinically
distinct from PD-TA and WD/MD-TA. GAED tended to occur in the
older age group and was more strongly linked to vascular invasion and
multicentricity than WD/MD-TA. HAC was associated with older age
and higher frequencies of lymphatic invasion, vascular invasion, distant
metastasis, liver metastasis, and frequent recurrences than PD-TA,
whereas PD-TA showed higher incidence of advanced pN stage and
perineural invasion than HAC. Similar to our results, Murakami et al.
[18] compared GAED with 100 samples of conventional gastric cancers.
However, they could not investigate the clinical outcome of GAED
compared to WD/MD-TA. In the present study, HAC with clear cells
showed the worst prognosis, followed by HAC without clear cells, PD-
TA, WD/MD-TA, and GAED. Although more than half of the patients
with HAC or GAED received adjuvant chemotherapy, the 5-year sur-
vival rates for GAED, conventional gastric cancer, and HAC were 79%,
64%, and 14%, respectively. Our results provide evidence that patients
with HAC with clear cells truly displayed higher recurrence rates or
more unfavorable survival outcomes than patients with GAED. How-
ever, clear cell histology itself and high proportion of clear cells within
either HAC or GAED are not related to aggressiveness or prognosis.
Therefore, HAC should be distinguished from GAED and PD-TA.

Thorough histologic analyses revealed that geographic necrosis,
multinucleated giant cells, and clear glandular areas lined by single-
layered cuboidal cells are pathologic findings suggestive of HAC,
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Table 2
Comparison between clinicopathologic features of hepatoid adenocarcinomas and poorly-differentiated tubular adenocarcinomas (PD-TA) and between clear cell
gastric carcinomas and well-differentiated/moderately-differentiated tubular adenocarcinomas (WD/MD-TA).

HAC PD-TA P GAED WD/MD-TA P
n = 26 (%) n = 808 (%) n = 28 (%) n = 299 (%)

Sex 0.106 1.000
Male 20 (76.9) 491 (60.8) 22 (78.6) 234 (78.3)
Female 6 (23.1) 317 (39.2) 6 (21.4) 65 (21.7)

Age (y)* 59.77 + 1.18 49.99 * 10.90 < 0.001 63.11 + 1.04 56.23 + 8.91 0.002

Tumor location 0.428 0.801
Upper 1(3.8) 88 (10.9) 2(7.1) 25 (8.4)
Middle 8 (30.8) 273 (33.8) 8 (28.6) 69 (23.1)
Lower 17 (65.4) 447 (55.3) 18 (64.3) 205 (68.5)

Size (cm)” 5.75 + 2.94 6.01 + 3.05 0.665 5.44 + 2.79 5.50 + 2.23 0.896

T classification 0.079 < 0.001"
pT1-T2 9 (34.6) 159 (19.7) 17 (60.7) 73 (24.4)
pT3-T4 17 (65.4) 649 (80.3) 11 (39.3) 226 (75.6)

N classification 0.037° < 0.001"
pNO-1 14 (53.8) 271 (33.5) 20 (71.4) 110 (36.8)
pN2-3 12 (46.2) 537 (66.5) 8 (28.6) 189 (63.2)

M classification < 0.001 0.334
pMO 11 (42.3) 680 (84.2) 27 (96.4) 266 (89.0)
pM1 15 (57.7) 128 (15.8) 1(3.6) 33 (11.0)

Lymphatic invasion < 0.001 0.642
Present 23 (88.5) 409 (50.6) 20 (71.4) 151 (50.5)
Absent 3 (11.5) 399 (49.4) 8 (28.6) 148 (49.5)

Vascular invasion < 0.001 < 0.001
Present 25 (96.2) 33 (4.1) 20 (71.4) 18 (6.0)
Absent 1(3.8) 775 (95.9) 8 (28.6) 281 (94.0)

Perineural invasion 0.030 0.642
Present 3(11.5) 257 (31.8) 5(17.9) 69 (23.1)
Absent 23 (88.5) 551 (68.2) 23 (82.1) 230 (76.9)

AJCC stage 1.000 < 0.001°
I-1I 10 (38.5) 309 (38.2) 23 (82.1) 132 (44.1)
I-1v 16 (61.5) 499 (61.8) 5(17.9) 167 (55.9)

Multicentricity 1.000 < 0.001°
Present 0 (0) 5 (0.6) 5(17.9) 1(0.3)
Absent 26 (100) 803 (99.4) 23 (82.1) 298 (99.7)

Liver metastasis < 0.001 0.225
Present 11 (42.3) 47 (5.8) 1(3.6) 39 (13.0)
Absent 15 (57.7) 761 (94.2) 27 (96.4) 260 (87.0)

Recurrence < 0.001 0.148
Present 21 (80.8) 322 (39.9) 6 (21.4) 108 (36.1)
Absent 5(19.2) 486 (60.1) 22 (78.6) 191 (63.9)

Survival 0.033 0.002"
Alive 11 (42.3) 508 (62.9) 26 (92.9) 198 (66.2)
Dead 15 (57.7) 300 (37.1) 2(7.1) 101 (33.8)

& Two-tailed t-tests of mean + SD; HAC hepatoid adenocarcinoma, PD-TA poorly-differentiated tubular adenocarcinoma, GAED clear cell gastric carcinoma, WD/
MD-TA well- and moderately-differentiated tubular adenocarcinoma.
* Statistical significance: P value < 0.05.

A —— GAED ~— WDMD-TA B —— GAED —— WDMD-TA
~ HAC with clear cells == PD-TA ~ HAC with clear cells == PD-TA
HAC without clear cells

HAC without clear cells

100+ 100

(3]
o
1

P<0.001

Overall survival (%)

Recurrence-free survival (%)

0 50 100 150 200 0 50 100 150 200
Time (Months) Time (Months)
Fig. 2. Kaplan-Meier plots of overall survival and recurrence-free survival of hepatoid adenocarcinoma (HAC) and clear cell gastric carcinoma (GAED) compared

with conventional gastric cancers. Overall survival (A) and recurrence-free survival (B) outcomes were significantly worse in patients with HAC with clear cells than
in patients with GAED or conventional gastric cancers.
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Table 3
Comparison of immunohistochemical results of hepatoid adenocarcinomas and clear cell gastric carcinomas according to hepatoid and clear cell areas.
HAC GAED HAC GAED
Clear cell area TP area P Non-clear hepatoid area Solid area P
n = 19(%) n = 28(%) n = 26(%) n = 12(%)
a-FP 0.007 0.014
Positive 15 (78.9) 10 (35.7) 20 (76.9) 4(33.3)
Diffuse 11 1 18 0
Focal 4 9 2 4
Negative 4 (21.1) 18 (64.3) 6 (23.1) 8 (66.7)
Glypican-3 < 0.001 < 0.001"
Positive 18 (94.7) 13 (46.4) 26 (100) 6 (50)
Diffuse 14 1 21 0
Focal 4 12 5 6
Negative 1(5.3) 15 (53.6) 0 (0) 6 (50)
SALL4 < 0.001 < 0.001
Positive 19 (100) 28 (100) 25 (96.2) 12 (100)
Diffuse 18 0 24 0
Focal 1 28 1 12
Negative 0 (0) 0 (0) 1(3.8) 0 (0)
CD10 < 0.001 0.850
Positive 0 (0) 20 (71.4) 5(19.2) 2 (16.7)
Diffuse 0 9 0 1
Focal 0 11 5 1
Negative 19 (100) 8 (28.6) 21 (80.8) 10 (83.3)
CDX-2 0.001 0.060
Positive 10 (52.6) 27 (96.4) 11 (42.3) 1(8.3)
Diffuse 1 19 2 1
Focal 9 8 9 0
Negative 9 (47.4) 1(3.6) 15 (57.7) 11 (91.7)
MUC6 0.007 -
Positive 0 (0) 9(32.1) 0 (0) 0 (0)
Diffuse 0 0 0 0
Focal 0 9 0 0
Negative 19 (100) 19 (67.9) 26 (100) 12 (100)
MUCS5AC - -
Positive 0 (0) 0 (0) 0 (0) 0 (0)
Negative 19 (100) 28 (100) 26 (100) 12 (100)
MUC2 - -
Positive 0 (0) 0 (0) 0 (0) 0 (0)
Negative 19 (100) 28 (100) 26 (100) 12 (100)

HAC hepatoid adenocarcinoma, GAED clear cell gastric carcinoma, TP tubulopapillary, a-FP alfa-fetoprotein, CD10 cluster of differentiation 10, MUC6 mucin 6,

MUC5AC mucin 5AC, MUC2 mucin 2.
* Statistical significance: P value < 0.05.

whereas eosinophilic secretions and stratified columnar clear cells
lining glandular portions favored GAED. In particular, geographic ne-
crosis was exclusively observed in HAC. Moreover, the clear cells of
HAC showed diffuse and strong expression of a-FP, glypican-3, and
SALL4, whereas GAED showed focal/heterogeneous expression. SALL4
was the most sensitive marker, followed by glypican-3 and a-FP, to
discriminate clear cells between HAC and GAED. Murakami et al. [18]
suggested that glypican-3 is the most sensitive marker for GAED, fol-
lowed by SALL4 and o-FP [18]. Ushiku et al. [19,20] reported that
SALL4 is a sensitive marker for a-FP-producing gastric carcinomas and
is especially useful to diagnose HAC [19,20]. In the present study, al-
though the positivity of glypican-3 was lower than previously reported
[1], SALL4 and AFP expression levels were similar. Moreover, we found
that SALL4 expression was heterogeneous within GAED, in contrast to
diffuse expression within HAC.

Detailed mucin profiles of HAC and GAED have not been intensively
studied [11,18]. GAED commonly expressed CD10 (71.4%), CDX-2
(96.4%), and MUCS6 (32.1%) but not MUC2 and MUC5AC, suggesting a
higher tendency for both gastric antral mucin phenotype and intestinal
mucin phenotype. In contrast, HAC with clear cells was commonly
positive for CDX-2 but negative for CD10, MUC6, MUC5AC, and MUC2,
suggesting a phenotype that is intestinal rather than gastric. Similarly,
Kumashiro et al. [11] also reported that the histogenesis of HAC is
strongly associated with the intestinal phenotype, and its hepatoid
component is associated with reduced CDX2 expression. We also ob-
served that the non-clear, hepatoid areas of HAC showed low

expression of CDX-2, whereas clear cell areas of HAC were strongly
positive for CDX-2. In this context, the expression patterns of a-FP,
glypican-3, SALL4, CD10, CDX-2, and MUC6 are important clues to
differentiate HAC with clear cells from GAED. Strong expression of
CD10 and CDX-2 with MUC6 positivity in tubulopapillary clear cells
may support a diagnosis of GAED rather than HAC with clear cells.
Unlike in a previous study [18], we found more favorable prognosis
in patients with GAED compared to conventional adenocarcinomas. The
presence of many patients with early stage (pT1-2 in 60.7%) GAED may
have led to this discrepant result. Although there are few reported cases
and no direct comparison studies, it is generally accepted that gastric
HAC and GAED have similar clinicopathologic features [18]. The pre-
sence of clear cells in most cases of HAC also suggests that HAC may
originate from GAED, or vice versa. However, our results suggest that
GAED should be differentiated from HAC by histology, focal or less
frequent oncofetal protein expression, and distinct mucin profile. Based
on these observations, we created a flow chart detailing the suggested
diagnostic and decision-making process for differential diagnosis of
HAC and GAED in gastric adenocarcinoma with clear cells. Given that
HAC and GAED are very rare carcinomas, readers will likely be inter-
ested in the frequency and method of distinguishing these rare entities.
In conclusion, although rare, HAC with clear cells should be dif-
ferentiated from GAED based on its poor prognosis, diffuse strong ex-
pression of oncofetal proteins, and intestinal mucin phenotype.
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Fig. 3. Immunohistochemical findings of GAED and HAC with clear cells and hepatoid areas. Clear cells of GAED are focally positive for a-FP (a), glypican-3 (d),
SALL4 (g), and MUCS6 (p) and diffusely positive for CD10 (j) and CDX-2 (m). Clear cells of HAC are positive for a-FP (b), glypican-3 (e), SALL4 (h), and CDX-2 (n) but
negative for CD10 (k) and MUC6 (j). Hepatoid areas of HAC are diffusely positive for a-FP (c), glypican-3 (f), and SALL4 (i) but negative for CD10 (E), and focal
positive for CDX-2 (I).

Acknowledgements

This work was supported by the Basic Science Research Program

through the National Research Foundation of Korea (NRF) funded by
the Ministry of Science and ICT (NRF-2017R1D1A1B03032449 and
NRF-2017R1A2B4012436).

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the

online version, at doi:https://doi.org/10.1016/j.prp.2019.152525.

References

[1] Y. Akazawa, T. Saito, T. Hayashi, Y. Yanai, S. Tsuyama, K. Akaike, Y. Suehara,

[2

—

F. Takahashi, K. Takamochi, H. Ueyama, T. Murakami, S. Watanabe, A. Nagahara,
T. Yao, Next-generation sequencing analysis for gastric adenocarcinoma with en-
teroblastic differentiation: emphasis on the relationship with hepatoid adeno-
carcinoma, Hum. Pathol. 78 (2018) 79-88.

N. Carr, Tubulopapillary clear cell carcinoma of the stomach may be a type of
pylorocardiac carcinoma, Pathology 40 (2008) 333.

[3]

[4]

[5]

[6]
[7]

[8]

[91

[10]

[11]

Y.C. Chang, N. Nagasue, S. Abe, H. Taniura, D.D. Kumar, T. Nakamura, Comparison
between the clinicopathologic features of AFP-positive and AFP-negative gastric
cancers, Am. J. Gastroenterol. 87 (1992) 321-325.

C.M. Fenoglio-Preiser, A.E. Noffsinger, G.N. Stemmermann, P.E. Lantz,

P.G. Isaacson, Gastrointestinal Pathology: an Atlas and Text, 3rd ed., Lippincott
Williams & Wilkins, a Wolters Kluwer business, Philadelphia, PA, 2008.

Z.A. Ghotli, S. Serra, R. Chetty, Clear cell (glycogen rich) gastric adenocarcinoma: a
distinct tubulo-papillary variant with a predilection for the cardia/gastro-oeso-
phageal region, Pathology 39 (2007) 466—469.

D. Govender, P.K. Ramdial, B. Clarke, R. Chetty, Clear cell (glycogen-rich) gastric
adenocarcinoma, Ann. Diagn. Pathol. 8 (2004) 69-73.

S. Inagawa, J. Shimazaki, M. Hori, F. Yoshimi, S. Adachi, T. Kawamoto, K. Fukao,
M. Itabashi, Hepatoid adenocarcinoma of the stomach, Gastric Cancer 4 (2001)
43-52.

H. Ishikura, K. Kirimoto, M. Shamoto, Y. Miyamoto, H. Yamagiwa, T. Itoh,

M. Aizawa, Hepatoid adenocarcinomas of the stomach. An analysis of seven cases,
Cancer 58 (1986) 119-126.

T. Kinjo, H. Taniguchi, R. Kushima, S. Sekine, 1. Oda, M. Saka, T. Gotoda, F. Kinjo,
J. Fyjita, T. Shimoda, Histologic and immunohistochemical analyses of alpha-fe-
toprotein—producing cancer of the stomach, Am. J. Surg. Pathol. 36 (2012) 56-65.
T. Kishimoto, Y. Nagai, K. Kato, D. Ozaki, H. Ishikura, Hepatoid adenocarcinoma: a
new clinicopathological entity and the hypotheses on carcinogenesis, Med. Electron
Microsc. 33 (2000) 57-63.

Y. Kumashiro, T. Yao, S. Aishima, M. Hirahashi, K. Nishiyama, T. Yamada,

R. Takayanagi, M. Tsuneyoshi, Hepatoid adenocarcinoma of the stomach: histo-
genesis and progression in association with intestinal phenotype, Hum. Pathol. 38


https://doi.org/10.1016/j.prp.2019.152525
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0005
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0005
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0005
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0005
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0005
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0010
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0010
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0015
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0015
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0015
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0020
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0020
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0020
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0025
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0025
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0025
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0030
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0030
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0035
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0035
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0035
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0040
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0040
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0040
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0045
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0045
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0045
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0050
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0050
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0050
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0055
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0055
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0055

M.J. Kwon, et al.

[12]

[13]

[14]

[15]

[16]

(2007) 857-863.

G.Y. Lauwers, F. Carneiro, D.Y. Graham, M.P. Curado, Gastric carcinoma, in:

F.T. Bosman, F. Carneiro, R.H. Hruban, N.D. Theise (Eds.), WHO Classification of
Tumours of the Digestive System, 4th ed., International Agency for Research on
Cancer, Lyon, 2010.

X. Li, D. Zhang, M. Le, Histopathological and immunohistochemical studies in he-
patoid adenocarcinomas of the stomach, Zhonghua Bing Li Xue Za Zhi 25 (1996)
276-279.

X. Liu, Y. Cheng, W. Sheng, H. Lu, X. Xu, Y. Xu, Z. Long, H. Zhu, Y. Wang, Analysis
of clinicopathologic features and prognostic factors in hepatoid adenocarcinoma of
the stomach, Am. J. Surg. Pathol. 34 (2010) 1465-1471.

H. Matsunou, F. Konishi, R.E. Jalal, N. Yamamichi, A. Mukawa, alpha-Fetoprotein-
producing gastric carcinoma with enteroblastic differentiation, Cancer 73 (1994)
534-540.

T. Motoyama, K. Aizawa, H. Watanabe, M. Fukase, K. Saito, alpha-Fetoprotein
producing gastric carcinomas: a comparative study of three different subtypes, Acta
Pathol. Jpn. 43 (1993) 654-661.

[17]

[18]

[19]

[20]

[21]

Pathology - Research and Practice 215 (2019) 152525

R.M. Mulligan, R.R. Rember, Histogenesis and biologic behavior of gastric carci-
noma: study of one hundred thirty-eight cases, AMA Arch. Pathol. 58 (1954) 1-25.
T. Murakami, T. Yao, H. Mitomi, T. Morimoto, H. Ueyama, K. Matsumoto, T. Saito,
T. Osada, A. Nagahara, S. Watanabe, Clinicopathologic and immunohistochemical
characteristics of gastric adenocarcinoma with enteroblastic differentiation: a study
of 29 cases, Gastric Cancer 19 (2016) 498-507.

T. Ushiku, A. Shinozaki, J. Shibahara, Y. Iwasaki, Y. Tateishi, N. Funata,

M. Fukayama, SALL4 represents fetal gut differentiation of gastric cancer, and is
diagnostically useful in distinguishing hepatoid gastric carcinoma from hepatocel-
lular carcinoma, Am. J. Surg. Pathol. 34 (2010) 533-540.

T. Ushiku, H. Uozaki, A. Shinozaki, S. Ota, K. Matsuzaka, S. Nomura, M. Kaminishi,
H. Aburatani, T. Kodama, M. Fukayama, Glypican 3-expressing gastric carcinoma:
distinct subgroup unifying hepatoid, clear-cell, and alpha-fetoprotein-producing
gastric carcinomas, Cancer Sci. 100 (2009) 626-632.

J.F. Zhang, S.S. Shi, Y.F. Shao, H.Z. Zhang, Clinicopathological and prognostic
features of hepatoid adenocarcinoma of the stomach, Chin. Med. J. (Engl.) 124
(2011) 1470-1476.


http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0055
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0060
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0060
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0060
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0060
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0065
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0065
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0065
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0070
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0070
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0070
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0075
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0075
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0075
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0080
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0080
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0080
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0085
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0085
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0090
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0090
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0090
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0090
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0095
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0095
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0095
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0095
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0100
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0100
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0100
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0100
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0105
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0105
http://refhub.elsevier.com/S0344-0338(19)30325-5/sbref0105

	Gastric adenocarcinoma with enteroblastic differentiation should be differentiated from hepatoid adenocarcinoma: A study with emphasis on clear cells and clinicopathologic spectrum
	Introduction
	Materials and methods
	Patients and data collection
	Immunohistochemical analyses
	Statistical analysis

	Results
	Clinicopathologic findings of HAC and GAED
	Comparison of HAC and GAED with conventional tubular adenocarcinoma
	Prognostic impact of clear cells in HAC and GAED
	Immunohistochemical findings of clear cell in HAC and GAED

	Discussion
	Acknowledgements
	Supplementary data
	References




