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ABSTRACT

Hepatoid adenocarcinoma (HAC) is a rare extrahepatic tumor of non-germ cell origin that morphologically resembles hepato-
cellular carcinoma (HCC). HAC has a propensity to metastasize to the liver and therefore may be mistaken for HCC. There is a
lack of standardized treatment protocols, and further studies are needed to evaluate the benefit of targeted therapy and immuno-
therapy. Recent studies have reported that tumor protein 53 (TP53) gene mutations are associated with increased expression of
programmed cell death ligand-1 (PD-L1), which may be a predictor of response to PD-L1 targeted checkpoint inhibitors.

This review provides a clinical guidance for the management of patients with HAC by summarizing the salient clinical fea-
tures, risk factors, diagnostic criteria, differential diagnosis, new therapeutic approaches, and prognosis of this rare tumor.
Furthermore, we reviewed the Mayo Clinic experience to describe the clinical characteristics of 15 patients diagnosed with HAC.
HAC is usually diagnosed at an advanced stage with distant metastases. In patients diagnosed with liver lesions that have simi-
lar radiologic and histologic features to HCC, particularly in the absence of underlying chronic liver disease, further evaluation
should be performed to rule out HAC. Communication between medical subspecialties is important to avoid misdiagnosis and
prevent further disease progression. In our patient cohort TP53 was the most frequently mutated gene (5 out of 8, 62.5%) and PD-
L1 expression showed a positive score in 3 out of 6 patients (50%). However, only a few patients received immunotherapy (6 out of

14, 42.9%) suggesting that the numbers are too small to draw a conclusion about its efficacy in treating HAC.

1 | Introduction

Hepatoid adenocarcinoma (HAC) is a rare extrahepatic tumor
of non-germ cell origin which morphologically resembles he-
patocellular carcinoma (HCC) and commonly produces alpha
fetoprotein (AFP) [1-3]. It represents a distinct type of AFP-
producing tumors, of which HCC is the most prevalent; AFP-
producing gastric cancers and yolk sac tumor-like carcinomas
are also AFP-producing tumors, in addition to other less common
carcinomas from different organs [4]. HAC has a propensity to

metastasize to the liver and therefore may be mistaken for HCC
[4]. The first case of HAC was reported in 1970 and was called
AFP-producing gastric adenocarcinoma [1]. In 1985, Ishimura
et al. used the term HAC to describe this unique type of cancer
[3]. HAC has been reported in several different primary organ
sites, including the stomach, esophagus, lung, colon, pancreas,
gallbladder, small intestine, bladder, ureter, uterus, testis and
ovary [5-7]. At these extrahepatic sites, the tumor may be mis-
taken for metastatic HCC. HAC is characterized by an aggres-
sive clinical course and often portends a poor prognosis [4].
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A majority of the scientific literature on HAC consists of case
reports or limited patient series. As a result, the accurate identi-
fication, diagnosis, and management of this rare tumor remain
challenging. Furthermore, there is a lack of data that summa-
rizes the existing evidence about the clinical characteristics
and management of patients diagnosed with HAC. The aim of
this review is to provide clinical guidance for the management
of patients with HAC by summarizing the salient clinical fea-
tures, risk factors, diagnostic criteria, differential diagnosis,
new therapeutic approaches, and prognosis of this rare tumor.
Furthermore, we reviewed the Mayo Clinic experience to de-
scribe the clinical characteristics of 15 patients diagnosed with
HAC, their molecular features, clinical application of immune-
based therapies, comparison of treatment efficacy, and prognos-
tic factors.

2 | Epidemiology, Clinical Features, and Risk
Factors

Most case reports of HAC originate from Asia, particularly China
and Japan [4]. The overall incidence of HAC between 2000 and
2016 was 0.014 per 100,000 people in China, based on findings
of the most recent systematic review and meta-analysis [8]. The
most common primary site in this study was the lung (49.6%),
in contrast to previously published data, in which the stomach
was the most common site. Most of the patients were elderly, of
whom 66.1% were over 60years old. On the other hand, a liter-
ature review of 217 patients with HAC published in 2013 found
that the most common primary site of HAC was the stomach
(83.9%), followed by the gallbladder (3.7%), uterus (3.2%), lung
(2.3%), and urinary bladder (1.8%) [5]. HAC originating from
the esophagus and peritoneum was very rare (0.9%). HACs of
the rectum, colon, testis, ovary, jejunum, fallopian tube, kidney,
thymus, ureter or adrenal glands were only reported in single-
case reports (each <0.5%) [5, 9]. Another literature review of 261
HAC cases published in 2010, found similarly that the stomach
was the most common primary site (63%), followed by the ova-
ries (10%), lung (5%), and pancreas (4%) [9]. Apart from the gyne-
cological HAC cases and those originating from the gallbladder,
in other primary sites a male predominance was observed (male
to female ratio 2.4:1) with a median age over 60years [5, 9]. The
distinct features of HACs based on primary tumor location are
summarized below.

2.1 | Stomach

Hepatoid adenocarcinoma of the stomach (HAS) is a rare type
of gastric cancer, accounting for 0.3%-1% of all gastric cancer
with an incidence of 0.58-0.83 cases per million people [10-12].
HAS is more commonly diagnosed in elderly patients and has a
strong male predominance with a reported male to female ratio
of 11:4 [13]. The most common tumor location is the antrum
(46%-55%), followed by the body (27%-31%), cardia (7%-21%),
and other sites [14, 15]. The implication of Helicobacter pylori
infection in the pathogenesis of HAS has not been established,
unlike its proven link to the development of most gastric ade-
nocarcinomas, particularly the intestinal type [16]. HAS often

coexists with adenocarcinoma with hepatoid components local-
ized in the invasive foci [2, 8, 12]. A molecular study has shown
that hepatoid carcinoma cells were of identical origin to coex-
istent tubular adenocarcinomas [17]. The authors of this study
hypothesized that intestinal tubular adenocarcinomas transdif-
ferentiate to a hepatoid type adenocarcinoma over time and that
this shift in subtype confers an enhanced metastatic capacity.
Another study suggested that HAC of the stomach arises from
an adenocarcinoma with intestinal phenotype [10].

The clinical symptoms of HAS are nonspecific, resembling the
typical clinical manifestations of gastric cancer, such as ab-
dominal pain, epigastric discomfort, gastrointestinal bleeding,
and melena. A pooled cases series of 328 HAS cases found that
the most frequent presenting symptom was abdominal pain
(40.9%), followed by epigastric discomfort (23.5%), hemateme-
sis and/or melena (18.3%), and weight loss (17.3%) [14]. The ma-
jority of HAS patients (80.6%) had elevated serum AFP levels.
About 72.9% of HAS cases were poorly differentiated. Lymph
node metastasis occurred in 78.4%, while vascular invasion was
observed in 69.6%. Most HAS patients had distant metastasis
preoperatively, particularly in the liver (78.5%), lungs (11.6%),
peritoneum (6.6%), spleen (2.5%), and brain (0.8%). A literature
review of 180 HAS cases from China found that the serum AFP
levels of HAS patients without metastasis or liver involvement
were significantly lower than those with metastasis or liver in-
volvement [15].

2.2 | Lung

Hepatoid adenocarcinoma of the lung (HAL) is a distinct form
of lung adenocarcinoma that exhibits a low prevalence, with a
male predominance accounting for approximately 80% of cases
with the majority of them being smokers [18-20]. The primary
tumor is mainly located in the upper lobe of the lung (68%-
72%) [18] and especially the right lung (65.3%) [20]. Clinical
symptoms of HAL are often non-specific and similar to com-
mon lung cancer, and are related to the location and the size of
the mass. A literature review of 49 HAL cases found that the
most common symptom was cough (34.7%), followed by chest
pain (16.3%), dyspnea (14.3%), and weight loss (12.2%). Of the
49 reported cases, only 26 had elevated AFP levels (53.1%) [20].
In this study, more than half of HAL cases underwent radical
surgery of the mass and lymph nodes (59.2%) achieving a favor-
able prognosis. A previous literature review of 41 HAL cases
found that 82% of patients had stage III or IV at first presen-
tation [19].

2.3 | Esophagus

HACs arising from the esophagus are extremely rare with a
prevalence of 0.9% [5]. Only eight cases are reported in the
literature [21-28]. Esophageal HACs are more frequently ob-
served in Asian populations with a male predominance. In
all eight cases the tumor was located in the lower part of the
esophagus in proximity to the gastroesophageal junction. An
association between esophageal HAC and Barrett's esophagus
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has been described. However, this association is more promi-
nent when HAC coexists with other histologic tumors, such as
tubular adenocarcinoma and choriocarcinoma [21, 26], similar
to HAS. Patients with esophageal HAC generally present with
non-specific symptoms including decreased appetite, weight
loss, and fatigue. The tumor has an aggressive behavior and in
the majority of patients, distant metastases are found at the time
of first diagnosis. The most common distant metastasis site was
the liver. Patients with liver metastases also tended to have ele-
vated AFP levels [21].

2.4 | Colon

Regarding HACs originating from the colon, a comprehensive
literature review of 39 HAC colon cases revealed a male pre-
dominance with an age of 60years or older. A history of ulcer-
ative colitis was reported in six cases. The most frequent tumor
site was the right colon (46.2%) [29]. In some case reports co-
existence of colon HACs with adenocarcinomas was observed
[30, 31]. The most commonly reported symptoms were blood in
the stool (33.3%), followed by abdominal pain (28.2%), and other
(38.5%), such as changes in bowel habits, urgency, and intesti-
nal obstruction [29]. Almost half of patients with colon HACs
had distant metastasis (48.7%) and the most frequent site was the
liver (43.6%). Among the 32 cases, 27 had elevated AFP levels
(84.4%) [29].

2.5 | Small Intestine

Seven cases have been reported in the literature reporting HAC
diagnosis in the jejunoileum [32], of whom two cases were ac-
companied by long-standing Crohn's disease (CD) [33, 34], and
six cases reported HAC in the duodenum [35-40]. Both patients
with HAC and CD had liver metastases and elevated AFP lev-
els at presentation. The first patient presented with bowel ob-
struction and the second with abdominal pain, constipation, and
nausea/vomiting [33, 34]. It is well established that patients with
inflammatory bowel disease (IBD) are at an increased risk of de-
veloping adenocarcinomas of the gastrointestinal tract [41, 42].

2.6 | Pancreas

The current World Health Organization (WHO) classifica-
tion recognizes hepatoid morphology only as a possible vari-
ant of pancreatic ductal adenocarcinoma, which is associated
with high rates of vascular invasion and early metastasis [43].
However, pancreatic neuroendocrine tumors may also show
hepatoid differentiation; more specifically, the hepatoid variant,
a morphological subtype that is associated with more aggressive
clinical behavior [44]. Furthermore, a recent clinicopathologi-
cal study demonstrated distinct histopathological and molecular
features of two pancreatic tumors with hepatoid morphology.
This fact illustrates that hepatoid differentiation may have been
underestimated until now [45]. A literature review of 22 pancre-
atic HAC cases found that the mean patient age was 53 years old
with a male predominance [46]. Most cases were asymptomatic

or incidentally found (31.3%) on imaging studies. Of those pa-
tients who developed symptoms, the most common was abdom-
inal pain (27.3%), followed by jaundice (18.2%), nausea/vomiting
(18.2%), and weight loss (13.6%). Elevated AFP levels were found
in 57.1%.

3 | Diagnosis and Differential Diagnosis
3.1 | Imaging

Computed tomography (CT) imaging of HAS may reveal thick-
ening of the gastric walls with heterogeneous mild to moderate
contrast enhancement, which likely represents areas of necrosis
and hemorrhage within the tumor [47]. Interestingly, a recent
study applied a CT-based radiomics nomogram for distinguish-
ing HAS from common gastric cancer (CGC) and achieved
a high accuracy with an area under the curve (AUC) of 0.905
(95% CI: 0.796-0.968) in the test cohort [48]. Increased signal
on diffusion-weighted imaging has been observed in magnetic
resonance images (MRI) of abdominal HAC [49]. HAC is often
diagnosed in advanced stages and thus lymph node, liver, or dis-
tant metastases are frequently present at the time of diagnosis
[50, 51]. The liver is the most common metastatic site of HAC.
Similar to HCC, liver metastases of HAC often demonstrate arte-
rial hyperattenuation due to dense blood vessels with late wash-
out on CT imaging [52, 53], although atypical features such as
retraction of the adjacent liver capsule have been described [54].

Liver metastases of HAC need to be differentiated from HCC,
which often occurs in the setting of viral hepatitis, metabolic
dysfunction-associated steatotic liver disease, or cirrhosis. On
the other hand, HAC tumors are usually not accompanied by
chronic liver disease. Hemorrhage is a common feature of he-
patic metastasis of HAC and HCC [53]. Most hepatic metastases
of HAC show tumor necrosis regardless of tumor size [50, 55],
while HCC necrosis occurs in lesions larger than 3cm with a rel-
atively low rate (10%-40%) [56]. There have been described two
types of liver metastases in HAC: (1) large masses with adjacent
portal vein cancer thrombus (portal vein cancer thrombus oc-
curs in 60%-75%); and (2) many nodules of similar size that are
not accompanied by portal vein cancer thrombus [50].

3.2 | Serum Biomarkers

Depending on the primary tumor location, different frequencies
of elevated serum biomarkers prior to HAC diagnosis have been
reported in the literature, as summarized in Table 1. Studies
have shown that the majority of patients with HAS have ele-
vated levels of AFP; however, there is a subset of HAS that does
not produce AFP [11, 47, 58-59]. As a result, the elevation of
serum AFP is not a justified criterion for the diagnosis of HAS.
A subset of gastric adenocarcinomas produces AFP but lacks
hepatoid features histologically and must be distinguished from
HAS. Liu et al. [60] retrospectively analyzed 104 patients with
gastric adenocarcinoma that had an elevated serum AFP and
positive AFP staining of the primary lesion prior to gastrectomy.
Of these patients, 45 had evidence of hepatoid differentiation
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and were diagnosed with HAS, and 59 were diagnosed with
AFP-producing gastric cancer (AFPGC) and were compared
with stage-matched CGC patients, as demonstrated in Table 2.
No data is currently available to support the use of serum bio-
markers for HCC, the glycoform of AFP, AFP-L3, and the ab-
normal form of prothrombin, des-y-carboxy prothrombin in
the differentiation of HCC from HAC, as there is no evidence of
their production in HAC.

The poor prognosis of HAC may relate to its expression of AFP.
AFPGCs demonstrate high proliferative activity, enriched neo-
vascularization, and significantly less apoptosis when compared
with AFP-negative gastric cancers [61]. Preoperative serum
AFP levels >500ng/mL are significantly associated with poorer
overall survival and also correlate with poorer disease-free sur-
vival in HAC patients [4]. Studies suggest that AFP may nega-
tively impact lymphocyte transformation and thereby facilitate
evasion of the host immune response [62]. AFP additionally has
pro-angiogenic and proliferative effects and can suppress apop-
tosis within tumors [63-67].

3.3 | Histopathology

The gold standard for the diagnosis of HAC tumors is histopa-
thology. HAC tumors often exhibit both hepatoid morphology

TABLE 1 | Frequency of elevated serum biomarkers based on HAC
primary site [10, 18, 20, 29, 46, 51, 57].

HAC Alpha-

primary fetoprotein Carcinoembryonic

location (AFP) antigen (CEA) CA19-9
Stomach 80.6% N/A N/A
Lung 53%-76% N/A N/A
Esophagus 83.3% N/A N/A
Colon 84.4% 57.9% 42.9%
Pancreas 57.1% 47.6% N/A

Abbreviation: HAC, hepatoid adenocarcinoma.

and gland formation [4]. The hepatoid component of HAC may
consist of tumor cells arranged in a trabecular pattern or solid
nests of cells surrounded by fibrous stroma [60]. The tumor cells
are often cuboidal or polygonal in shape with clear or eosinophilic
cytoplasm, ovoid nuclei, and occasional hyaline globules. The ad-
enocarcinoma components are typically intermingled with hepa-
toid areas [68]. Some studies suggest that the hepatoid features of
HAC are more prominent in metastases detected within lymph
nodes and the liver [12, 69-71], possibly due to enhanced prolifer-
ation of hepatoid tumor cells in these stromal environments [72].

3.4 | Immunohistochemistry and Molecular
Features

Definite diagnosis of HAC is difficult based on morphology
findings alone. Further immunohistochemistry (IHC) analy-
sis is needed for differential diagnosis. Liver metastases from
HAC may be mistaken for HCC because of hepatoid histologi-
cal findings and elevated serum AFP levels. Molecular marker
expression can help to differentiate metastatic HAC from HCC
(Table 3). IHC analysis reveals AFP staining in more than 90%
of HACs regardless of the primary tumor site [5]. HACs also
commonly stain positive for a-1 antitrypsin, a-1 chemotrypsin,
caudal type homeobox 2 (CDX2), and mucin-1 (MUC1) [5, 9].
Immunostaining markers of hepatocytic differentiation (such
as hepatocyte paraffin 1 [HepParl], Arginase, albumin in situ
hybridization) are routinely positive in HAC [76], so careful cor-
relation with imaging and clinical findings, histological mor-
phology, and immunostaining findings is needed to make an
accurate diagnosis.

The hepatoid morphology and positive staining for markers
of hepatocytic differentiation in HAC can lead to diagnostic
challenges, primarily with a potential misdiagnosis of HCC.
Important diagnostic clues include morphological features that
are inconsistent with HCC, such as the presence of glands; these
features are often focal, so may require careful histological ex-
amination. Additional important diagnostic clues are the immu-
nohistochemical findings, and in many cases, HACs are only
identified at this step. Here, the specific immunohistochemical
findings will vary by tumor origin (e.g., stomach, colon, etc.),

TABLE 2 | Clinical differences between patients with HAS, CGC, and AFPGC [60].

Hepatoid adenocarcinoma

Common gastric AFP-producing gastric

Characteristics of the stomach (HAS) cancer (CGC) cancer (AFPGC)
AFP production Higher probability Lower probability Higher probability
Vascular invasion Higher probability Lower probability Lower probability
Liver metastases Higher probability Lower probability Moderate probability
Time interval from Shorter Longer Longer
gastrectomy to liver

metastases

1-year survival rates 30% 95% 64%

2-year survival rates 13% 57% 47%

5-year survival rates 9% 38% 41%

Abbreviation: AFP, alpha-fetoprotein.
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TABLE 3 | Immunohistochemistry markers for distinguishing HAC from non-hepatoid cancer types [5, 14, 29, 73-75].

Hepatoid adenocarcinoma—
frequency of positivity

Immunohistochemistry markers

Non-hepatoid cancers—
frequency of positivity

Hep-Par 1

Alpha-Fetoprotein (AFP)
Glypican-3 (GPC-3)

High (65%-71%)

High (92.1%)
High (~100%)

HCC (high), CGC (low), Liver
metastasis from GI tract (low)

HCC (moderate), CGC (very low)
HCC (high), CGC (very low)

Polyclonal CEA High (75%-100%) HCC (high), Liver metastases
from GI tract (high)
Cytokeratin AE1/AE3 High (92.3%) HCC (low)
Cytokeratin 18 (CK18) High (~100%) HCC (low)
Cytokeratin 19 (CK19) High (~100%) HCC (very low), CGC (high)
Cytokeratin 20 (CK20) Low (25%) HCC (low)
Cytokeratin 7 (CK7) Low (15.4%) HCC (low)
CD10 High (62.5%) HCC (high), Liver metastasis
from GI tract (low)
PLUNC High (100%) HCC (very low)
Arginase-1 Low HCC (high), Liver metastasis
from GI tract (low)
Albumin High HCC (high), CGC (very low)
HER2 Moderate (31.3%) HCC (low), CGC (moderate)

Abbreviations: CEA, carcinoembryonic antigen; CGC, common gastric cancer; GI, gastrointestinal; HCC, hepatocellular carcinoma; HER2, human epidermal growth

factor receptor 2; PLUNC, palate, lung, nasal epithelial clone.

but the key feature is positivity for markers that are typically
negative in HCC or findings that stain negative but are typically
positive in HCC. HepParl is positive in the HCC component of
the combined HCC with adenocarcinomatous components but
is typically negative in HAC. Spalt-like transcription factor 4
(SALL4), glypican-3 (GPC3), AFP, cytokeratin 8 (CK8), CK18,
and CK20 are often positive in HAC. Furthermore, mixed sub-
types of combined hepatocellular cholangiocarcinoma have
characteristic transition zones between the hepatocellular and
glandular components as well as positive staining for CK7, in
contrast to HAC [77, 78]. A third important diagnostic clue is
the clinical and imaging findings. For example, evaluation of a
liver mass that shows hepatoid morphology should always lead
to consideration of the possibility of metastatic HAC in patients
with known gastrointestinal mass lesions.

Regarding HAL tumors, the absence of distinctive features often
leads to a misdiagnosis of HAL as other types of lung cancers or
as a metastatic lung tumor from primary HCC [20]. Haninger
et al. [6] proposed two criteria for establishing HAL diagnosis:
(1) the tumor can be either pure HAC, or have features of typical
acinar or papillary adenocarcinoma, signet-ring cells or neuro-
endocrine carcinoma; and (2) AFP expression is not considered
a prerequisite for diagnosis as long as other markers of hepa-
toid differentiation are expressed. Although IHC is mandatory
for distinguishing HAL from metastatic HCC, no consensus
exists on the immunostaining patterns for diagnosing HAL.
Furthermore, the authors reported five HAL cases and de-
scribed 3 immunostaining patterns between HAL and HCC: (1)

CKS8 and epithelial cell adhesions molecule (EpCAM) markers
(HEA 125 and MOC31) are always positive in HAL (5/5 patients,
100%) and negative in HCC; (2) CK18, HepParl, and transcrip-
tion factor-1 (TTF-1) are always positive in HAL (5/5 patients,
100%) and HCC; and (3) cytokeratin 7 (CK7) and CEA are often
positive in HAL (3/5 patients, 60%) and negative in HCC. Similar
results were found by Pasricha et al. [79], who reported immu-
nostaining patterns for six HAL cases.

3.5 | Genetics

Genomic alterations and potential treatment targets for HACs
are still unidentified due to the rarity of this tumor. A recent
study by Zhao et al. [80] compared the genomic alterations
of 38 HAS with 364 HCC, 437 GC, and 31 AFPGC and found
that the genetic landscape of HAS was different from HCC and
CGC, but that it shared mutational characteristics with AFPGC
(Table 4). Furthermore, the authors found that tumor protein
53 (TP53) was the most commonly mutated gene in HAS (66%).
TP53 mutations were less frequent in HCC (29%), but similar in
CGC (47%) and AFPGC (55%). A majority of the mutation sites
were located in the p53 DNA-binding domain, similar to HCC,
CGC, and AFPGC, but the distribution was different. These dif-
ferent mutation sites led to variability in the p53 protein struc-
ture, which affected the disease outcome in these four tumors.
Another study by Wang et al. [4] compared the genomic alter-
ations of 24 HAS patients with 22 matched CGC patients and
found similarly that TP53 was the most frequently mutated gene
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TABLE 4 | High-frequency mutations between HAS, CGC, AFPGC,
and HCC [4, 80].

Frequency

of mutated

genes (%) HAS CGC AFPGC HCC

TP53 66% Similar  Similar  Lower (29%)
(47%) (55%)

PHLDA1 13% Lower Lower Lower

GMEB2 13% Lower Similar Lower

CCDC15 13% Lower NS Lower

PTH2 11% Lower NS Lower

NFYA 8% Lower NS Lower

PHKA2 8% Similar NS Lower

C2orf44 8% NS NS Lower

SP8 8% Similar  Similar Lower

IRF2BP2 8% NS NS Lower

CEBPA 21.7% 0%

RPTOR 13% 4%

WISP3 8.7% 0.7%

MARKI1 8.7% 2.1%

CD3EAP 8.7% 2.4%

Abbreviations: AFPGC, AFP-producing gastric cancer; CCDC15, coiled-coil
domain containing 15; CD3EAP, CD3e molecule epsilon-associated protein;
CEBPA, CCAAT enhancer-binding protein alpha; CGC, common gastric cancer;
GMEB?2, glucocorticoid modulatory element-binding protein 2; HAS, hepatoid
adenocarcinoma of the stomach; HCC, hepatocellular carcinoma; IRF2BP2,
interferon regulatory factor 2 binding protein 2; MARK1, microtubule affinity
regulating kinase 1; NFYA, nuclear transcription factor Y subunit alpha;
PHKAZ2, phosphorylase kinase regulatory subunit alpha 2; PHLDA1, pleckstrin
homology-like domain, family A, member 1; PTH2, parathyroid hormone 2;
RPTOR, regulatory-associated protein of mTOR; SP8, specificity protein 8; TP53,
tumor protein 53; WISP3, WNT1-inducible signaling pathway protein 3.

in both groups (30.4% in HAS and 33.3% in CGC patients); how-
ever, different patterns of high- frequency mutations were ob-
served (Table 4). Furthermore, Liu et al. [81] revealed that of the
25 HAS patients, the most frequently mutated genes were TP53
(42%), mucin 19 (MUC19, 35%), and TTN (35%); however, in the
6 HACs from other organs, different gene mutations were ob-
served (cyclin-dependent kinase 4 [CDK4], keratin 34 [KRT34],
and golgin A6 family like 3 [GLOGA6L3]). The previously iden-
tified driver genes in CGC, AT-rich interactive domain 1A/1B
(ARIDIA/B) and Cadherin 1 (CDH1I), have shown significantly
lower mutation rates in HAS cases; similarly, the well-known
driver genes in HCC, CTNNBI and AXIN1/2 [82].

Copy number gains (CNGs) are more common in HAS com-
pared to non-hepatoid gastric cancers [4]. HACs with CNG at the
20q11.21-13.12 gene locus demonstrate a more aggressive phe-
notype with poorer differentiation, increased vascular invasion,
and a greater burden of liver metastases [83, 84]. Furthermore,
reactivation of the stem cell gene SALL4, a member of the SALL
gene family located at the 20q13.2 locus, has been identified as
an adverse prognostic factor in several cancers [85-87]. Studies
report prevalent SALL4 expression in HAS (89.0%-94.7%)

compared to non-HAS gastric cancers (10.5%-15.0%), suggest-
ing a potential role of SALL4 in the development of HAC [4, 88].
A recent study by Ge et al. [89] assessed 31 HAS cases and found
that the tumoral stromal lymphocyte programmed cell death
protein-1 (PD-1) was positive in 58.1% and the programmed cell
death ligand-1 (PD-L1) was positive in 45.1%. Another study re-
vealed that of the 52 HAS cases, only three (6%) showed deoxy-
ribonucleic acid (DNA) mismatch repair protein MutL homolog
1 (MLH]1) loss, suggesting a low rate of microsatellite instability
(MSI) [90].

An interesting study by Lawlor et al. [91] details the molecular
characterization of 19 HAC cases from different organs and
found that the primary tissue organ impacts the molecular sig-
nature. More specifically, colon HACs showed MSI, high tumor
mutational burden, ARIDIA/B gene mutations, and nuclear
receptor coactivator 4 (NCOA4-RET) gene fusion (2/3 cases);
esophagogastric HACs revealed TP53 mutations (2/4); bili-
ary HAC showed loss of cyclin-dependent kinase inhibitor 2A
(CDKN2A, 3/4); genital HACs revealed gain of chromosome 12
(3/6); and HAL cases had serine/threonine kinase 11 (STKI11)
somatic mutations. Another review of colon HACs found that
among 9 patients with reported genetic status, 8 (88.9%) had wild-
type KRAS/NRAS, and 1 had a mutant (11.1%) [29]. Regarding
the lung, a systematic review of 51 HAL patients found that the
mutation rate of epidermal growth factor receptor (EGFR) and
anaplastic lymphoma kinase (ALK) was significantly lower
than in non-small cell lung cancer (NSCLC) [57, 92]. An analy-
sis of the genetic features of four HAL cases found that TP53 was
mutated in all patients, and CDK8, CDKN2A, colony stimulating
factor 1 receptor (CSFIR), ephrin type-A receptor 5 (EPHAS),
polycystic kidney and hepatic disease 1 (PKHDI), SMARCA4,
and STKI11 were detected as high-frequency mutations, with a
mutation rate of 50% [93]. Furthermore, all four patients demon-
strated partially positive immunostaining of both PD-1 and
PD-L1. Currently, there are no available drug targets for TP53
alterations. However, an interesting study by Wang et al. [94]
showed that TP53 mutations impact the expression of PD-L1,
which implies a potential sensitivity to PD-1 and PD-L1 check-
point inhibitors.

4 | Clinical Characteristics of 15 Patients
Diagnosed With HAC

Using the electronic patient database at the Mayo Clinic in
Rochester, Minnesota, we retrospectively searched for records
of patients diagnosed with HAC from January 2004 through
December 2024. Inclusion criteria were adults (> 18years) with
a diagnosis of histologically confirmed HAC with subsequent
management and follow-up at the Mayo Clinic. Patients with
HAC who visited the Mayo Clinic only for a second opinion
were excluded from the analysis. Descriptive statistics were
used to summarize the results. Comparative data for contin-
uous variables were reported as median (interquartile range
[IQR]) or mean (standard deviation). For statistical compari-
son, a Chi-square test with or without Fischer’s exact test was
used for categorical variables. Survival analysis was performed
with the Kaplan-Meier method for overall mortality and log-
rank test between different treatment groups; more specifically,
(a) curative surgery; (b) systemic therapy; (c) chemotherapy;
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TABLE 5 | Clinical, histological, and therapeutic characteristics of TABLE 5 | (Continued)
patients diagnosed with HAC.
Clinical
Clinical characteristics Frequency, n/N (%)
characteristics Frequency, n/N (%) Vascular endothelial 5/14 (35.7)
Primary tumor site growth factor
Gastric 5/15 (33.3) inhibitors
Receptor tyrosine 1/14 (7.1)
Lung 4/15 (26.7) kinase inhibitors
Ovary 1/15(6.7) Navitoclax 1/14 (7.1)
Pancreas 1/15(6.7) Sorafenib 1/14 (7.1)
Abdomen 1/15(6.7) Immunotherapy 6/14 (42.9) Mean 18 (+13)
Unknown 3/15 (20.0) Radiation 5/15(33.3) Mean 14 (£7)
Distant metastases at 11/15(73.3) Local therapy 2/15(13.3)
diagnosis Radio-embolization of 1/15(6.7)
Lymph nodes 8/15(53.3) liver lesion
Liver 7/15 (46.7) Radiofrequency 1/15(6.7)
ablation of liver lesion
Bone 3/15 (20.0)
Laboratory test results prior to diagnosis
Intestinal 3/15 (20.0) .
Anemia 7/15 (46.7)
Peritoneal 3/15(20.0) Elevated liver 9/13 (69.2)
Mesentery 2/15(13.3) function tests
Lung 2/15 (13.3) Carcinoembryonic 8/12(66.7)
antigen (CEA)
Biliary 1/15(6.7)
Alpha-fetoprotein 5/12 (41.7)
Pancreas 1/15(6.7) (AFP)
Adrenal 1/15(6.7) Carbohydrate antigen 3/10 (30.0)
Regional lymph 3/15 (20.0) (CA)19-9
node metastases at Immunohistochemistry markers
diagnosis Hep-Par 1 9/12 (75.0)
Therapeutic Survival (months) Cytokeratin 7 (CK7) 5/9 (55.6)
management
Cytokeratin 20 2/7 (28.6)
Curative surgery 5/15 (33.3) Mean 24 (+17) (CK20)
Systemic therapy 11/15(73.3) Cytokeratin AE1/AE3 1/6 (16.7)
Systemic 10/14 (71.4)  Median 15 (3-114) (CK AE1/AE3)
chemotherapy?® Epithelial specific 4/4 (100.0)
Platinum-based 9/14 (64.3) antigen MOC-31
Polycl 1 4/5(80.0
5-Fluorouracil 4/14 (28.6) © Yfl ona . /5(80.0)
carcinoembryonic
Taxanes 4/14 (28.6) antigen (CEA)
Topoisomerase 3/14 (21.4) Mucin production 2/4(50.0)
inhibitors Caudal type 1/8 (12.5)
Pemetrexed 2/14 (14.3) homeobox
transcription factor-2
Gemcitabine 1/14 (7.1)
Glypican-3 4/6 (66.7)
Evofosfamide 1/14 (7.1) oL
Albumin in situ 2/5 (40.0)
Targeted therapy 8/14 (57.1) Mean 18 (£11) hybridization
(Continues) (Continues)
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TABLE 5 | (Continued)
Clinical
characteristics Frequency, n/N (%)
Arginase-1 3/7 (42.9)
Thyroid transcription 2/9 (22.2)
factor-1
Paired box-8 1/5(20.0)
transcription factor
Genetic testing
Microsatellite 0/8 (0.0)
instability (MSI)
Tumor protein 53 5/8(62.5)
(TP53)
Overall survival 6/15 (40.0)
Survival at 1-year 8/15(53.3)
Survival at 3-years 3/15 (20.0)
Survival at 5-years 1/15(6.7)

Abbreviation: HAC, hepatoid adenocarcinoma.
2Systemic chemotherapy drug details were not available for one patient.

(d) immunotherapy; and (e) partial or complete systemic treat-
ment response. Furthermore, univariate Cox-regression anal-
ysis was used to examine the association between clinical
features and mortality. All reported P values were 2-sided, and P
values < 0.05 were considered statistically significant. Statistical
analysis was performed using IBM SPSS Statistics, version 29.0.
The study was approved by the Mayo Foundation Institutional
Review Board.

We identified 15 patients with HAC who met inclusion criteria.
Most patients with HAC were males (66.7%) with a mean age at
diagnosis of 66 (+ 9) years, and most were White (93.3%). Table 5
lists the clinical, histological, molecular, and therapeutic char-
acteristics of HAC patients. The most common primary tumor
location was the stomach (n=>5, 33.3%), followed by the lung
(n=4, 26.7%), abdomen (n=1, 6.7%), ovary (n=1, 6.7%), and
pancreas (n=1, 6.7%). In 3 patients (20%) diagnosed with meta-
static liver disease, the primary tumor site was unknown. HAC
patients with unknown primary site demonstrated an increased
risk for mortality (HR 5.26; 95% CI: 1.05-26.34; p=0.044), as has
been reported in other cancer types with unknown primary site
[95]. Among gastric primaries, the tumor was located at the gas-
troesophageal junction in 2 (13.3%), and in the body in 2 (13.3%).
In addition, 2 patients underwent gastric surgery years prior to
cancer diagnosis.

The majority of patients (73.3%) presented with distant metasta-
ses at the first diagnosis of HAC. Almost half of HAC patients
(46.7%) presented with a liver mass, and the initial diagnosis of
HAC in these patients was made by biopsy of the liver mass.
About 20% had regional lymph node metastases at diagnosis,
and only one patient (6.7%) had no metastases. Only one patient
with liver metastasis had underlying cirrhosis; as a result, a
medical history lacking cirrhosis or infection with chronic viral
hepatitis may favor the diagnosis of HAC. Most patients (86.7%)

experienced symptoms prior to diagnosis. HAC was an inciden-
tal finding on imaging studies in three patients (20%). Diagnosis
at an early stage was mainly made incidentally on imaging stud-
ies performed for other medical conditions. Acute symptoms de-
veloped in 26.7% of patients and chronic symptoms (>30days)
in 73.3%. The majority of HAC patients manifested gastrointes-
tinal symptoms (66.7%), followed by general symptoms (40%),
respiratory-related (13.3%), joint-related (20%), and gynecologic
(6.7%). The most common symptoms in our cohort were abdom-
inal pain and weight loss. Complications at first diagnosis were
observed in 60% of HAC patients, including thromboembolic
events (33.3%), bone fracture due to lytic lesions (6.7%), and as-
cites (6.7%).

A significant proportion of patients (60%) had elevated liver en-
zymes at diagnosis, and almost half had anemia (46.7%). CEA
was increased in 53.3% of patients, AFP in 33.3%, and CA 19-9 in
20%. Elevated AFP levels were observed in 3 out of 4 gastric HACs
(75%) with available AFP levels, of whom n =2 had serum AFP
levels > 500 ng/mL. Increased AFP levels were also observed in
n=1 patient with ovarian HAC, and n=1 with unknown pri-
mary HAC location, all of which had distant metastases at the
time of diagnosis, including the gastric cases. However, none of
our patients with lung HAC had increased serum AFP levels (3
out of 3 with available AFP levels, 0%). Interestingly, only one
of these patients was diagnosed with distant metastasis at the
time of diagnosis. Compared to other studies, the proportion of
gastric HACs with elevated serum AFP is slightly lower, while
the proportion of lung HACs is significantly lower, as demon-
strated in Table 1. Further analysis revealed that elevated serum
AFP levels were not associated with poorer survival in our co-
hort (HR 0.99; 95% CI: 0.20-5.01; p=0.991); however, our small
sample size might underestimate this association. Serum AFP
levels decreased in all patients with available AFP levels follow-
ing treatment (4 out of 4 patients, 100%); however, these patients
experienced a significant increase in AFP levels with disease
progression.

Similar to HCC, liver metastases of HAC demonstrated arterial
hyperenhancement with late washout on CT imaging (Figure 1).
On histology, features of HAC were identified by gland forma-
tion and mucin production (Figure 2A and 2B). IHC analysis
revealed positive AFP staining (Figure 2C). Compared to other
studies, we observed a higher frequency of Hep-Par 1 positiv-
ity on THC analysis (9 out of 12 HAC patients with THC stain-
ing, 75%, Figure 2D). None of the HACs was human epidermal
growth factor receptor 2 (HER2) positive (0 out of 6). MSI was
also negative in all tested HAC patients (0 out of 9), which results
in lower efficacy of systemic therapy. TP53 gene was the most
frequently mutated gene (5 out of 8, 62.5%) in our cohort, simi-
larly to other studies, where the frequency varied from 30.4% to
66% [4, 80-81]. In other adenocarcinomas, a lower frequency of
TP53 mutations was observed (47% in CGC, 55% in AFPGC, and
29% in HCC, as shown in Table 4). Mutations in TP53 leads to
inactivation of the tumor suppressor protein p53 and genomic
instability, which results in extensive chromosomal abnormali-
ties, increased rates of DNA alterations, genomic instability, and
ultimately cancer progression [96, 97]. The aggressive biological
behavior, poor prognosis, and lower survival rates of HAC may
be influenced by the disrupted apoptosis and DNA repair path-
ways that are facilitated by TP53 mutations.
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FIGURE1 | Gastric hepatoid adenocarcinoma with liver metastases in a 65-year-old-female with prior history of Roux-en-Y gastric bypass sur-
gery. Contrast enhanced axial CT image (A) and coronal reformatted image (B) showing a large lobulated and heterogeneously enhancing metastases
in right lobe liver (*) with mass effect on inferior vena cava (white arrows) and areas of necrosis (red arrows). The primary HAC is identified in the

gastric pouch (black arrows). Fused fluorodeoxyglucose (FDG) positron emission tomography (PET)-CT image (C) showing increased tracer uptake

in the hepatic metastasis (*) and in the primary gastric tumor (black arrow).
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FIGURE2 | (A)Hepatoid adenocarcinoma from the stomach. Solid areas of growth are seen. (B) Gland formation was also evident. (C) The tumor
cells show diffuse AFP expression. (D) The tumor cells showed patchy HepParl staining.

PD-L1 expression showed a positive score in 3 out of 6 patients
(50%). Interestingly, all patients with PD-L1 positive expres-
sion (n= 3) had TP53 mutations present in the genetic testing.
Of these, only n= 1 patient received immunotherapy with par-
tial/complete response, while of the n= 2 remaining patients,
one died within 3 months of HAC diagnosis without receiving
any treatment, and the other underwent curative gastrectomy

without further treatment with systemic chemotherapy. Studies
have shown a positive correlation between TP53 gene mutations
and higher PD-L1 expression in several cancers, mainly NSCLC,
suggesting potential benefit from combination therapies, such
as PD-L1 inhibitors and regimens currently under development
which target p53 [98, 99]. Furthermore, myelocytomatosis onco-
gene (MYC) mutations were identified in 4 out of 8 patients (50%)
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FIGURE 3 |

Kaplan-Meier survival curves for overall survival of: (A) patients diagnosed with HAC (dark blue line), (B) those who underwent

curative surgery (yellow line), (C) those who received systemic therapy (purple line), (D) those who received chemotherapy (light blue line), (E) those

who received immunotherapy (green line), and (F) those with partial or complete systemic treatment response (red line).

in our cohort. Additional mutated genes found in our cohort
of HAC patients are summarized in Supplementary Table S1,
and systemic treatment regimens used in our cohort as well as
their dosage and duration are demonstrated in Supplementary
Table S2.

Five patients had curative surgical resection, n=11 (73.3%)
received systemic therapy [n=10 (66.7%) chemotherapy, n=8
(57.1%) targeted therapy, and n=6 (40%) immunotherapy], and
n=>5 (33.3%) underwent radiation. Of the n=10 patients with
available systemic treatment regimens in our cohort, half (n=
5) received anti-PD-L1 therapy, of whom n=4 had available
data about treatment response. Most of these patients (n=3)
showed partial or complete response to anti-PD-L1 treatment,
while only n=1 patient experienced treatment failure. The
mixed efficacy of immunotherapy might be due to heterogeneity
of the tumor microenvironment, cancer cell adaptation leading
to drug resistance, insufficient T-cell infiltration, and lack of
neoantigens [100]. Future research directions are required for
precision approaches to address the current challenges with im-
munotherapy, including next-generation therapies, personalized
neoantigen vaccines, predictive biomarkers for optimal patient
selection and biomarker-driven trials [100]. Regarding local
therapy, transarterial chemoembolization (TACE) in combina-
tion with systemic chemotherapy was performed in n =1 patient
with liver metastases at HAC diagnosis and unknown primary
site; however, the short-term follow-up imaging did not reveal
any response. Furthermore, radiofrequency ablation (RFA) in
combination with systemic chemotherapy was conducted in
n=1 patient with liver metastasis and gastric HAC, and dis-
ease recurrence was identified four months later. However, no
surgery was performed on any of the patients who underwent
TACE or RFA.

Median survival for HAC patients was 14 (1-114) months
(Figure 3A). No survival benefit was observed between groups
treated with curative surgery (P=0.178, Figure 3B), systemic
therapy (p=0.269, Figure 3C), chemotherapy (p=0.232,
Figure 3D), or immunotherapy (p=0.974, Figure 3E). However,
only a few patients received immunotherapy (6 out of 14, 42.9%),
which suggests that the numbers are too small to draw a conclu-
sion about its efficacy in treating HAC. Patients who achieved
partial or complete response to systemic therapy had higher
survival rates at 1 year compared to those who failed treatment
(85.7% vs 0% in treatment failure, p=0.033), as well as overall
survival (42.9% vs 100%, p=0.001, Figure 3F).

Nevertheless, the small sample size of our study has limitations,
such as reduced statistical power to detect real treatment effects,
imprecise interpretation of variations in treatment responses
across different patient subgroups, increased risk of random er-
rors and biased results, and inability to generalize the results to
the larger population. Thus, larger multi-center cohort studies
are required to validate and confirm these findings.

5 | Treatment and Prognosis

There are no specific guidelines from the National
Comprehensive Cancer Network (NCCN) or the European
Society for Medical Oncology (ESMO) for the treatment of
HAC, as it represents a rare type of adenocarcinoma with var-
ied primary sites. Management follows the broader, general
cancer guidelines for the primary organ site with an emphasis
on surgical resection and palliative care as well as advanced
treatment options [101, 102]. Surgical resection for early-stage
tumors is considered the only curative therapy for gastric HAC
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[5]. Surgery is commonly done for palliation as well and may
positively impact prognosis [103-105]. Optimal adjuvant or neo-
adjuvant therapies are not well-defined. A recent systematic
review of response to chemotherapeutic regimens employed in
the management of metastatic HAC included 18 case reports but
overall included only 22 patients with metastatic HAC with gas-
tric (n=11) or other primary locations (n=7), including lung,
colon, pancreas, and mediastinum [106]. Partial or complete
response to chemotherapy was noted in 11 cases, a majority of
whom (81%) had received a cisplatin-based regimen. Decreased
response and survival were noted in patients treated with irino-
tecan, oxaliplatin, 5-fluorouracil, or gemcitabine.

A recent comprehensive analysis of HAL cases demonstrated
that the combination of paclitaxel and platinum-based che-
motherapy was efficient as first-line treatment, with the in-
tegration of immunotherapy and targeted therapies showing
potential benefits [18]. However, the response of HAC to molec-
ular targeted therapy has not yet been well described, although
a positive response to the multikinase inhibitor sorafenib has
been reported [107, 108]. Early stage HACs often respond well
to radical surgical resection, leading to longer survival. For ad-
vanced stages, cisplatin-based chemotherapy, immunotherapy,
targeted therapy, and radiotherapy show promise for managing
symptoms and prolonging survival, though prognosis remains
poor. Compared to conventional adenocarcinomas, HACs are
generally associated with a worse prognosis and are more
aggressive with a predisposition for diagnosis at advanced
disease stages, making them less responsive to standard treat-
ments, which further contributes to higher mortality rates
[18, 109-110].

HAC is associated with a poor prognosis perhaps due to its
propensity for vascular invasion and hematogenous spread
[11, 69, 111]. A retrospective study examined prognostic factors
in 20 patients with gastric HAC, 17 (85%) of whom had meta-
static disease at the time of diagnosis [104]. Survival ranged
from 2 to 99 months with a median survival time of 12months
and a 3-year survival rate of 17.2%, similar to our study. This
study revealed improved survival among those patients treated
with surgery, either radical or palliative, and adjuvant chemo-
therapy. Advanced stage at diagnosis predicted worse survival.
Small case reports described the use of TACE along with sys-
temic chemotherapy in patients with HAS and metastatic liver
lesions; however, recurrence was observed with development of
new liver metastases [112]. Another case report demonstrated
good response to repeated sessions of microwave RFA in small
metastatic lesions in the lung and liver in combination with sys-
temic chemotherapy and surgery, with significant reduction in
AFP levels and no recurrence of HAS at 19 months [113]. These
results suggest that TACE and RFA may serve as a local therapy
option for metastatic liver lesions of HAS when used in combi-
nation with systemic chemotherapy and radical surgery.

A few recent studies describe therapeutic strategies based on
specific cancer gene mutations that are observed in HACs. For
example, studies have shown that ARIDIA-mutated cancers
might benefit from immune checkpoint blockage, mamma-
lian target of rapamycin (mTOR) inhibitors, targeted therapies
with enhancer of zeste homolog 2 (EZH2) inhibitors, histone
deacetylases, ataxia telangiectasia and Rad3-Related (ATR)

inhibitors, and/or Poly (ADP-ribose) Polymerase (PARP) inhib-
itors. On the other hand, ARIDIA mutations may also mediate
resistance to platinum chemotherapy and estrogen degraders/
modulators [114, 115]. As for HER2-positive cancers, targeted
therapies are being used to block HER2 receptor or signaling
pathways, and cause tumor cell death. The HER2-targeted
drugs include monoclonal antibodies (such as trastuzumab,
pertuzumab, zanidatamab), tyrosine kinase inhibitors (TKIs,
such as lapatinib, tucatinib), and antibody-drug conjugates
(ADCs, such as trastuzumab deruxtecan, trastuzumab emtan-
sine), often combined with chemotherapy [116]. Novel targeted
therapies have emerged for tumors with TP53 mutations; how-
ever, currently there are no approved drugs. (Ongoing research
focuses on 1) restoring normal p53 function and developing p53
reactivators, such as mouse double minute 2 (MDM?2) degrad-
ers, p53 stabilizers, and gene therapies targeting (TP53; 2) uti-
lizing MDM2 inhibitors; and 3 employing immunotherapy to
target mutant p53 [117].

6 | Conclusion

HAC is a rare tumor with poor prognosis and aggressive bio-
logical behavior. HAC is usually diagnosed at an advanced
stage with distant metastases. In patients diagnosed with liver
lesions that have similar radiologic and histologic features to
HCC, particularly in the absence of underlying chronic liver dis-
ease, further evaluation should be performed to rule out HAC.
Communication between medical subspecialties is important to
avoid misdiagnosis and prevent further disease progression. In
order to optimize management of patients diagnosed with HAC,
molecular profiling and, more importantly, TP53 status and PD-
L1 expression, should be routinely performed, as these patients
may benefit from immunotherapy and targeted therapies. Due
to its rarity, there is a lack of standardized treatment protocols,
and the pathogenesis remains largely unknown. A deeper un-
derstanding of the molecular mechanisms driving carcinogene-
sis and the occurrence of HAC is warranted.

Author Contributions

Christina Liava: conceptualization (equal), data curation (equal),
formal analysis (equal), investigation (equal), methodology (equal),
resources (equal), software (equal), validation (equal), visualization
(equal), writing — original draft (equal), writing — review and editing
(equal). Sudhakar Venkatesh: data curation (supporting), formal
analysis (supporting), investigation (supporting), resources (equal), val-
idation (equal), visualization (equal), writing — original draft (equal),
writing - review and editing (equal). Michael S. Torbenson: data
curation (supporting), formal analysis (supporting), investigation (sup-
porting), resources (equal), validation (equal), writing — original draft
(equal), writing - review and editing (equal). Patrick S. Kamath:
conceptualization (lead), methodology (lead), project administration
(lead), supervision (lead), validation (lead), visualization (lead), writ-
ing - original draft (equal), writing - review and editing (lead). Moira
Hilscher: conceptualization (lead), project administration (lead), su-
pervision (lead), validation (equal), visualization (equal), writing — orig-
inal draft (equal), writing - review and editing (lead).

Acknowledgments

Christina Liava has received a 1-year research scholarship from the
Hellenic Association for the Study of the Liver.

Cancer Medicine, 2026

11 of 15



Funding

The authors have nothing to report.

Ethics Statement

The study was approved by the Mayo Foundation Institutional Review
Board (IRB application no.: 24-012242).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data available on request. The data underlying this article will be
shared on reasonable request to the corresponding author.

References

1.J. Bourreille, P. Metayer, F. Sauger, F. Matray, and A. Fondimare,
“Existence D'alpha Foeto Protéine au Cours D'un Cancer Secondaire
du Foie D'origine Gastrique [Existence of Alpha Feto Protein During
Gastric-Origin Secondary Cancer of the Liver|,” Presse Med (1893) 78,
no. 28 (1970): 1277-1278.

2.H. Ishikura, K. Kirimoto, M. Shamoto, et al., “Hepatoid
Adenocarcinomas of the Stomach. An Analysis of Seven Cases,” Cancer
58,n0.1(1986): 119-126.

3. H. Ishikura, Y. Fukasawa, K. Ogasawara, T. Natori, Y. Tsukada, and
M. Aizawa, “An AFP-Producing Gastric Carcinoma With Features
of Hepatic Differentiation. A Case Report,” Cancer 56, no. 4 (1985):
840-848.

4.Y. Wang, L. Sun, Z. Li, et al., “Hepatoid Adenocarcinoma of the
Stomach: A Unique Subgroup With Distinct Clinicopathological and
Molecular Features,” Gastric Cancer 22, no. 6 (2019): 1183-1192.

5.J.S.Su, Y. T. Chen, R. C. Wang, C. Y. Wu, S. W. Lee, and T. Y. Lee,
“Clinicopathological Characteristics in the Differential Diagnosis of
Hepatoid Adenocarcinoma: A Literature Review,” World Journal of
Gastroenterology 19, no. 3 (2013): 321-327.

6.D. M. Haninger, G. H. Kloecker, M. Bousamra Ii, M. R. Nowacki,
and S. P. Slone, “Hepatoid Adenocarcinoma of the Lung: Report of Five
Cases and Review of the Literature,” Modern Pathology 27, no. 4 (2014):
535-542.

7. M. Hu, W. Liu, F. Yin, D. Zhang, X. Liu, and J. Lai, “Liver Metastasis
of Hepatoid Colonic Adenocarcinoma: A Rare and Unusual Entity
With Poor Prognosis and Review of the Literature,” Gastroenterology
Research 11, no. 6 (2018): 430-435.

8. W. Wang and G. Li, “Incidence and Prognostic Factors of Hepatoid
Adenocarcinoma: A Population-Based Analysis,” Translational Cancer
Research 9, no. 9 (2020): 5401-5410.

9. G. Metzgeroth, P. Strobel, T. Baumbusch, A. Reiter, and J. Hastka,
“Hepatoid Adenocarcinoma—Review of the Literature Illustrated by
a Rare Case Originating in the Peritoneal Cavity,” Onkologie 33, no. 5
(2010): 263-269.

10. Y. Kumashiro, T. Yao, S. Aishima, et al., “Hepatoid Adenocarcinoma
of the Stomach: Histogenesis and Progression in Association With
Intestinal Phenotype,” Human Pathology 38, no. 6 (2007): 857-863.

11. E. Nagai, T. Ueyama, T. Yao, and M. Tsuneyoshi, “Hepatoid
Adenocarcinoma of the Stomach. A Clinicopathologic and
Immunohistochemical Analysis,” Cancer 72, no. 6 (1993): 1827-1835.

12.X. Liu, Y. Cheng, W. Sheng, et al., “Analysis of Clinicopathologic
Features and Prognostic Factors in Hepatoid Adenocarcinoma of the
Stomach,” American Journal of Surgical Pathology 34, no. 10 (2010):
1465-1471.

13. M. S. Park,J. S. Yu, M. J. Kim, et al., “Mucinous Versus Nonmucinous
Gastric Carcinoma: Differentiation With Helical CT,” Radiology 223,
no. 2 (2002): 540-546.

14.X. Y. Zeng, Y. P. Yin, H. Xiao, et al.,, “Clinicopathological
Characteristics and Prognosis of Hepatoid Adenocarcinoma of the
Stomach: Evaluation of a Pooled Case Series,” Current Medical Science
38, no. 6 (2018): 1054-1061.

15.B. G. Qu, W. M. Bi, B. T. Qu, et al., “PRISMA-Compliant Article:
Clinical Characteristics and Factors Influencing Prognosis of Patients
With Hepatoid Adenocarcinoma of the Stomach in China,” Medicine
(Baltimore) 95, no. 15 (2016): €3399.

16. N. Uemura, S. Okamoto, S. Yamamoto, et al., “Helicobacter py-
lori Infection and the Development of Gastric Cancer,” New England
Journal of Medicine 345, no. 11 (2001): 784-789.

17.S. Akiyama, G. Tamura, Y. Endoh, et al., “Histogenesis of Hepatoid
Adenocarcinoma of the Stomach: Molecular Evidence of Identical
Origin With Coexistent Tubular Adenocarcinoma,” International
Journal of Cancer 106, no. 4 (2003): 510-515.

18. H. Deng, L. Wang, Z. Li, T. Zhan, and L. Huang, “Optimal
Treatment Strategies for Hepatoid Adenocarcinoma of the Lung:
Insights From a Comprehensive Analysis,” BMC Cancer 24, no. 1
(2024): 948.

19. A. Ayub, O. Nunez Lopez, A. Booth, and I. Okereke, “Pulmonary
Hepatoid Adenocarcinoma,” Journal of Thoracic and Cardiovascular
Surgery 158, no. 4 (2019): e139-e140.

20.Z. Chen, C. Ding, T. Zhang, Y. He, and G. Jiang, “Primary Hepatoid
Adenocarcinoma of the Lung: A Systematic Literature Review,”
Oncotargets and Therapy 15 (2022): 609-627.

21. A. Kashani, J. C. Ellis, M. Kahn, and L. H. Jamil, “Liver Metastasis
From Hepatoid Adenocarcinoma of the Esophagus Mimicking
Hepatocellular Carcinoma,” Gastroenterology Report 5, no. 1 (2017):
67-71.

22. M. Atiq, M. Husain, S. Dang, K. W. Olden, A. H. Malik, and D. K.
Brown, “Hepatoid Esophageal Carcinoma: A Rare Cause of Elevated
Alpha Fetoprotein,” Journal of Gastrointestinal Cancer 39 (2008):
58-60.

23.T. Motoyama, M. Higuchi, and J. Taguchi, “Combined
Choriocarcinoma, Hepatoid Adenocarcinoma, Small Cell Carcinoma
and Tubular Adenocarcinoma in the Oesophagus,” Virchows Archiv 427
(1995): 451-454.

24. H. Tanigawa, Y. Kida, S. Kuwao, et al., “Hepatoid Adenocarcinoma
in Barrett's Esophagus Associated With Achalasia: First Case Report,”
Pathology International 52 (2002): 141-146.

25. N. Chiba, T. Yoshioka, M. Sakayori, et al., “AFP-Producing Hepatoid
Adenocarcinoma in Association With Barrett's Esophagus With
Multiple Liver Metastasis Responding to Paclitaxel/CDDP: A Case
Report,” Anticancer Research 25 (2005): 2965-2968.

26.N. Kuroda, K. Onishi, and G. H. Lee, “Combined Tubular
Adenocarcinoma and Hepatoid Adenocarcinoma Arising in Barrett
Esophagus,” Annals of Diagnostic Pathology 15 (2011): 450-453.

27.]J. Fukuzawa, H. Terashima, Y. Nakano, et al., “Alpha-Fetoprotein
Producing Adenocarcinoma of Esophagogastric Junction: A Case
Report” [in Japanese], Japanese Journal of Gastroenterological Surgery
38 (2005): 401-405.

28.D. Takeyama, G. Miyata, K. Onodera, et al., “A Case of Alpha-
Fetoprotein-Producing  Barrett Esophageal Carcinoma With
Different Histological Patterns” [in Japanese], Japanese Journal of
Gastroenterological Surgery 45 (2012): 834-841.

29.R. Zhang, Y. Yu, J. Zheng, S. Pi, J. Li, and J. Chen, “A Case Report of
Two Instances of Colorectal Hepatoid Adenocarcinoma, Accompanied
by a Comprehensive Literature Review,” Journal of Cancer Research and
Clinical Oncology 149, no. 20 (2023): 18241-18252.

12 of 15

Cancer Medicine, 2026



30.Y. Chen, D. F. Schaeffer, and E. M. Yoshida, “Hepatoid
Adenocarcinoma of the Colon in a Patient With Inflammatory
Bowel Disease,” World Journal of Gastroenterology 20, no. 35 (2014):
12657-12661.

31.X. Z. Lifang Cui, H. C. Jixin Zhang, C. Q. Hongyu Zhao, and Y.
G. Jianying Zhang, “Hepatoid Adenocarcinoma of Colon: A Case
Report and Literature Review,” International Journal of Clinical and
Experimental Medicine 12, no. 4 (2019): 4459-4463.

32.X. Zeng, P. Zhang, H. Xiao, et al., “Clinicopathological Features
and Prognosis of Intestinal Hepatoid Adenocarcinoma: Evaluation of a
Pooled Case Series,” Oncotarget 9, no. 2 (2017): 2715-2725.

33. Q. Liu, M. Bannan, J. Melamed, G. B. Witkin, and D. Nonaka, “Two
Cases of Hepatoid Adenocarcinoma of the Intestine in Association
With Inflammatory Bowel Disease,” Histopathology 51, no. 1 (2007):
123-125.

34.K. Kochar, M. Gawart, J. Atkinson, and M. Hyser, “Hepatoid
Adenocarcinoma of Small Intestine Complicating Crohn's Disease:
Second Reported Case,” Journal of Gastrointestinal Cancer 44, no. 3
(2013): 357-361.

35. A. Singh, “Hepatoid Adenocarcinoma Presenting in the Colon
With an Unknown Primary: A Rare Tumor Case Report,” IP Journal of
Diagnostic Pathology and Oncology 4, no. 4 (2019): 327-331.

36.J. Palas, M. Ramalho, A. P. Matos, and V. Herédia, “Case 194:
Periampullary Hepatoid Adenocarcinoma With Duodenal Invasion,”
Radiology 267 (2013): 959-963.

37. T. Tanaka, H. Wagayama, Y. Oouchi, N. Isshiki, and H. Yamagiwa,
“A Case of Duodenal Hepatoid Adenocarcinoma” [in Japanese|, Nihon
Shokakibyo Gakkai Zasshi 97 (2000): 1272-1277.

38.J. M. Weng, W. Q. Wu, and Q. Y. Liu, “Hepatoid Adenocarcinoma of
Duodenal Papilla: Report of a Case” [in Chinese], Zhonghua Bing Li Xue
Za Zhi 38 (2009): 494.

39.N. Miyao, H. Serizawa, H. Takaishi, et al., “A Case of Multiple
Hepatoid Adenocarcinoma in the Duodenum, Ascending, Transverse
Colon and Mediastinum” [in Japanese], Progress in Digestive Endoscopy
52 (1998): 74-77.

40. O. H. Ogbonna, S. Sakruti, M. Sulieman, A. Ali, B. Shokrani, and
P. Oneal, “Hepatoid Adenocarcinoma of the Duodenum: An Unusual
Location,” Case Reports in Oncology 9, no. 1 (2016): 182-187.

41.R. D. Bojesen, L. B. Riis, E. Hogdall, O. H. Nielsen, and T. Jess,
“Inflammatory Bowel Disease and Small Bowel Cancer Risk, Clinical
Characteristics, and Histopathology: A Population-Based Study,” Clinical
Gastroenterology and Hepatology 15, no. 12 (2017): 1900-1907.e2.

42. C. N. Bernstein, J. F. Blanchard, E. Kliewer, and A. Wajda, “Cancer
Risk in Patients With Inflammatory Bowel Disease: A Population-
Based Study,” Cancer 91, no. 4 (2001): 854-862.

43.P. Mattiolo, A. Scarpa, and C. Luchini, “Hepatoid Tumors
of the Gastrointestinal/Pancreatobiliary District:  Morphology,
Immunohistochemistry, and Molecular Profiles,” Human Pathology 132
(2023): 169-175.

44.Y. Xue, M. D. Reid, B. Pehlivanoglu, et al., “Morphologic Variants
of Pancreatic Neuroendocrine Tumors: Clinicopathologic Analysis
and Prognostic Stratification,” Endocrine Pathology 31, no. 3 (2020):
239-253.

45. P. Mattiolo, A. Mafficini, R. T. Lawlor, et al., ““Pure” Hepatoid
Tumors of the Pancreas Harboring CTNNBI Somatic Mutations: A New
Entity Among Solid Pseudopapillary Neoplasms,” Virchows Archiv 481,
no. 1(2022): 41-47.

46. G. Marchegiani, H. Gareer, A. Parisi, P. Capelli, C. Bassi, and R.
Salvia, “Pancreatic Hepatoid Carcinoma: A Review of the Literature,”
Digestive Surgery 30, no. 4-6 (2013): 425-433.

47. A.Ren, F.Cai, Y. N. Shang, et al., “Gastric Hepatoid Adenocarcinoma:
A Computed Tomography Report of Six Cases,” World Journal of
Gastroenterology 20 (2014): 15001-15006.

48.X. Gu, J. Rong, L. Zhu, et al., “Hepatoid Adenocarcinoma
of the Stomach: Discrimination From Conventional Gastric
Adenocarcinoma With a Computed Tomography-Based Radiomics
Nomogram,” Journal of Gastrointestinal Oncology 15, no. 5 (2024):
2041-2052.

49. G. Velut, F. Mary, V. Aflalo, and T. Aparicio, “Magnetic Resonance
Imaging Diffusion-Weighted Imaging for Diagnosis of a Gastric
Hepatoid Adenocarcinoma,” Digestive and Liver Disease 47 (2015): 174.

50.M. W. Lee, J. Y. Lee, Y. J. Kim, et al., “Gastric Hepatoid
Adenocarcinoma: CT Findings,” Abdominal Imaging 32 (2007):
293-298.

51.Z. Wu, M. Upadhyaya, H. Zhu, Z. Qiao, K. Chen, and F. Miao,
“Hepatoid Adenocarcinoma: Computed Tomographic Imaging Findings
With Histopathologic Correlation in 6 Cases,” Journal of Computer
Assisted Tomography 31 (2007): 846-852.

52.M.Y. Chang, H. J. Kim, S. H. Park, et al., “CT Features of Hepatic
Metastases From Hepatoid Adenocarcinoma,” Abdominal Radiology 42
(2017): 2402-24009.

53.Y.Y. Lin, C. M. Chen, Y. H. Huang, et al., “Liver Metastasis From
Hepatoid Adenocarcinoma of the Stomach Mimicking Hepatocellular
Carcinoma: Dynamic Computed Tomography Findings,” World Journal
of Gastroenterology 21 (2015): 13524-13531.

54. P. Bazeries, M. Barral, M. Labrife, P. Soyer, and C. Aubé, “Hepatic
Metastases From Gastric Hepatoid Adenocarcinoma: An Unusual Cause
of Capsular Retraction of the Liver,” Diagnostic and Interventional
Imaging 97, no. 9 (2016): 931-934.

55.J. Yuan, G. Wang, M. Liu, and Z. Gong, “MRI Features of Hepatic
Metastasis From Hepatoid Adenocarcinoma of the Stomach: A Case
Report,” Radiology Case Reports 17, no. 7 (2022): 2295-2298.

56. N. Tanaka, E. Okamoto, A. Toyosaka, and S. Fujiwara, “Pathological
Evaluation of Hepatic Dearterialization in Encapsulated Hepatocellular
Carcinoma,” Journal of Surgical Oncology 29 (1985): 256-260.

57.Z. Hou, J. Xie, L. Zhang, G. Dai, Y. Chen, and L. He, “Hepatoid
Adenocarcinoma of the Lung: A Systematic Review of the Literature
From 1981 to 2020,” Frontiers in Oncology 11 (2021): 702216.

58. K. Okita, K. Noda, T. Kodama, et al., “Carcino-Fetal Proteins and
Gastric Cancer: The Site of Alpha-Fetoprotein Synthesis in Gastric
Cancer,” Gastroenterologia Japonica 12, no. 5 (1977): 400-406.

59. C. C.Roberts, T. V. Colby, and K. P. Batts, “Carcinoma of the Stomach
With Hepatocyte Differentiation (Hepatoid Adenocarcinoma),” Mayo
Clinic Proceedings 72, no. 12 (1997): 1154-1160.

60. X. Liu, W. Sheng, and Y. Wang, “An Analysis of Clinicopathological
Features and Prognosis by Comparing Hepatoid Adenocarcinoma of
the Stomach With AFP-Producing Gastric Cancer,” Journal of Surgical
Oncology 106, no. 3 (2012): 299-303.

61. N. Koide, A. Nishio, J. Igarashi, S. Kajikawa, W. Adachi, and J.
Amano, “Alpha-Fetoprotein-Producing Gastric Cancer: Histochemical
Analysis of Cell Proliferation, Apoptosis, and Angiogenesis,” American
Journal of Gastroenterology 94, no. 6 (1999): 1658-1663.

62.S. Yachnin, “Demonstration of the Inhibitory Effect of Human
Alpha-Fetoprotein on In Vitro Transformation of Human Lymphocytes,”
Proceedings of the National Academy of Sciences of the United States of
America 73, no. 8 (1976): 2857-2861.

63. M. Zhu, Y. Lu, W. Lj, et al., “Hepatitis B Virus X Protein Driven
Alpha Fetoprotein Expression to Promote Malignant Behaviors of
Normal Liver Cells and Hepatoma Cells,” Journal of Cancer 7, no. 8
(2016): 935-946.

Cancer Medicine, 2026

13 of 15



64. W. Meng, B. Bai, Z. Bai, et al., “The Immunosuppression Role of
Alpha-Fetoprotein in Human Hepatocellular Carcinoma,” Discovery
Medicine 21, no. 118 (2016): 489-494.

65. W. Meng, X. Li, Z. Bai, et al., “Silencing Alpha-Fetoprotein Inhibits
VEGF and MMP-2/9 Production in Human Hepatocellular Carcinoma
Cell,” PLoS One 9, no. 2 (2014): €90660.

66. M. Li, H. Li, C. Li, et al., “Alpha Fetoprotein Is a Novel Protein-
Binding Partner for Caspase-3 and Blocks the Apoptotic Signaling
Pathway in Human Hepatoma Cells,” International Journal of Cancer
124, no. 12 (2009): 2845-2854.

67. W. Song, C. Song, Y. Chen, et al., “Polysaccharide-Induced Apoptosis
in H22 Cells Through G2/M Arrest and BCL2/BAX Caspase-Activated
Fas Pathway,” Cellular and Molecular Biology (Noisy-le-Grand, France)
61, no. 7 (2015): 88-95.

68.J. Yang, R. Wang, W. Zhang, et al., “Clinicopathological and
Prognostic Characteristics of Hepatoid Adenocarcinoma of the
Stomach,” Gastroenterology Research and Practice 2014 (2014):
140587.

69. H. Ishikura, T. Kishimoto, H. Andachi, Y. Kakuta, and T. Yoshiki,
“Gastrointestinal Hepatoid Adenocarcinoma: Venous Permeation
and Mimicry of Hepatocellular Carcinoma, a Report of Four Cases,”
Histopathology 31, no. 1 (1997): 47-54.

70.G. H. Kang and Y. I. Kim, “Alpha-Fetoprotein-Producing Gastric
Carcinoma Presenting Focal Hepatoid Differentiation in Metastatic
Lymph Nodes,” Virchows Archiv 432, no. 1 (1998): 85-87.

71.T. Kodama, T. Kameya, T. Hirota, et al., “Production of Alpha-
Fetoprotein, Normal Serum Proteins, and Human Chorionic
Gonadotropinin Stomach Cancer: Histologicand Immunohistochemical
Analyses of 35 Cases,” Cancer 48, no. 7 (1981): 1647-1655.

72. L. Arnould, F. Drouot, P. Fargeot, et al., “Hepatoid Adenocarcinoma
of the Lung: Report of a Case of an Unusual Alpha-Fetoprotein-
Producing Lung Tumor,” American Journal of Surgical Pathology 21,
no. 9 (1997): 1113-1118.

73.Y. Takahashi, E. Dungubat, H. Kusano, et al., “Application
of Immunohistochemistry in the Pathological Diagnosis of Liver
Tumors,” International Journal of Molecular Sciences 22, no. 11 (2021):
5780.

74.D. Magalhdes, J. Dos Santos, A. Frutuoso, and A. Mesquita,
“Human Epidermal Growth Factor Receptor 2 (HER2) Expression
by Immunohistochemistry and Its Clinical Significance in
Hepatocellular Carcinoma: A Single-Center Analysis,” Cureus 15, no.
2(2023): €34724.

75. M. Fujimoto, I. Matsuzaki, M. Nishino, et al., “HER2 Is Frequently
Overexpressed in Hepatoid Adenocarcinoma and Gastric Carcinoma
With Enteroblastic Differentiation: A Comparison of 35 Cases to 334
Gastric Carcinomas of Other Histological Types,” Journal of Clinical
Pathology 71 (2018): 600-607.

76.V.S.Chandan, S.S. Shah, M. S. Torbenson, and T. T. Wu, “Arginase-1
Is Frequently Positive in Hepatoid Adenocarcinomas,” Human
Pathology 55 (2016): 11-16.

77.L. M. Terracciano, K. Glatz, P. Mhawech, et al., “Hepatoid
Adenocarcinoma with Liver Metastasis Mimicking Hepatocellular
Carcinoma: An Immunohistochemical and Molecular Study of Eight
Cases,” American Journal of Surgical Pathology 27, no. 10 (2003):
1302-1312.

78.K. O'Connor, J. C. Walsh, and D. F. Schaeffer, “Combined
Hepatocellular-Cholangiocarcinoma (cHCC-CC): A Distinct Entity,”
Annals of Hepatology 13, no. 3 (2014): 317-322.

79. S. Pasricha, S. Grover, M. Kamboj, et al., “Hepatoid Adenocarcinoma
of Lung: A Diagnostic Challenge—Series of Six Cases With
Histopathological, Predictive Molecular and PD.L1 Assessment,”
Indian Journal of Pathology and Microbiology 64, no. 1 (2021): 128-131.

80. R. Zhao, H. Li, W. Ge, et al., “Comprehensive Analysis of Genomic
Alterations in Hepatoid Adenocarcinoma of the Stomach and
Identification of Clinically Actionable Alterations,” Cancers (Basel) 14,
no. 16 (2022): 3849.

81.T. Liu, E. Chen, C. Xu, et al., “Abstract 4746: Genomic Alterations
and Clinical Correlations of Chinese Hepatoid Adenocarcinoma
Patients,” (2020), Proceedings: AACR Annual Meeting 2020; April 27-
28,2020 and June 22-24, 2020; Philadelphia, PA.

82.Z. Liu, A. Wang, Y. Pu, et al., “Genomic and Transcriptomic
Profiling of Hepatoid Adenocarcinoma of the Stomach,” Oncogene 40,
no. 38 (2021): 5705-5717.

83. W. M. Korn, T. Yasutake, W. L. Kuo, et al., “Chromosome Arm 20q
Gains and Other Genomic Alterations in Colorectal Cancer Metastatic
to Liver, as Analyzed by Comparative Genomic Hybridization and
Fluorescence In Situ Hybridization,” Genes, Chromosomes & Cancer 25
(1999): 82-90.

84.Y. Tabach, I. Kogan-Sakin, Y. Buganim, et al., “Amplification of the
20q Chromosomal Arm Occurs Early in Tumorigenic Transformation
and May Initiate Cancer,” PLoS One 6 (2011): €14632.

85. H. Tatetsu, N. R. Kong, G. Chong, G. Amabile, D. G. Tenen, and L.
Chai, “SALL4, the Missing Link Between Stem Cells, Development and
Cancer,” Gene 584 (2016): 111-119.

86.H. Park, H. Lee, A. N. Seo, et al., “SALL4 Expression in
Hepatocellular Carcinomas Is Associated With EpCAM-Positivity and
a Poor Prognosis,” Journal of Pathology and Translational Medicine 49
(2015): 373-381.

87. F.Yin, X. Han, S. K. Yao, X. L. Wang, and H. C. Yang, “Importance
of SALL4 in the Development and Prognosis of Hepatocellular
Carcinoma,” World Journal of Gastroenterology 22 (2016): 2837-2843.

88. T. Ushiku, A. Shinozaki, J. Shibahara, et al., “SALL4 Represents
Fetal Gut Differentiation of Gastric Cancer, and Is Diagnostically
Useful in Distinguishing Hepatoid Gastric Carcinoma From
Hepatocellular Carcinoma,” American Journal of Surgical Pathology
34 (2010): 533-540.

89.D. F. Ge, Y. K. Wang, Y. Y. Li, et al., “Assessing Clinical Pathological
Characteristics and Gene Expression Patterns Associated With
Hepatoid Adenocarcinoma of the Stomach,” Clinical & Translational
Oncology 26, no. 10 (2024): 2674-2684.

90.S. Tsuruta, Y. Ohishi, M. Fujiwara, et al., “Gastric Hepatoid
Adenocarcinomas Are a Genetically Heterogenous Group; Most Tumors
Show Chromosomal Instability, but MSI Tumors Do Exist,” Human
Pathology 88 (2019): 27-38.

91.R. T. Lawlor, A. Mafficini, C. Sciammarella, et al., “Genomic
Characterization of Hepatoid Tumors: Context Matters,” Human
Pathology 118 (2021): 30-41.

92. A. M. Chapman, K. Y. Sun, P. Ruestow, D. M. Cowan, and A. K.
Madl, “Lung Cancer Mutation Profile of EGFR, ALK, and KRAS: Meta-
Analysis and Comparison of Never and Ever Smokers,” Lung Cancer 102
(2016): 122-134.

93. H. Sun, X. Li, J. Zhang, and Y. Liu, “Clinicopathological Features
and Genomic Profiles of Hepatoid Adenocarcinoma of the Lung: Report
of Four Cases,” Pathology, Research and Practice 229 (2022): 153652.

94.S. Wang, M. Jiang, Z. Yang, X. Huang, and N. Li, “The Role of
Distinct Co-Mutation Patterns With TP53 Mutation in Immunotherapy
for NSCLC,” Genes and Diseases 9, no. 1 (2020): 245-251.

95.B. Ganesh, B. Buragamadagu, B. Baralo, M. Stewart, and R.
Thirumaran, “Cancer of Unknown Primary Site: A Population-Based
Analysis of Demographics and All-Cause Mortality,” Journal of Clinical
Oncology 40, no. 16 (2022): e18518.

96. L. A. Donehower, T. Soussi, A. Korkut, et al., “Integrated Analysis of
TP53 Gene and Pathway Alterations in The Cancer Genome Atlas,” Cell
Reports 28, no. 5(2019): 1370-1384.e5.

14 of 15

Cancer Medicine, 2026



97. A.Janic, E. Abad, and I. Amelio, “Decoding p53 Tumor Suppression:
A Crosstalk Between Genomic Stability and Epigenetic Control?,” Cell
Death and Differentiation 32, no. 1 (2025): 1-8.

98.S. Wang, M. Xu, Y. Liu, et al., “PD-L1 Expression and Its Association
with Clinicopathological and Computed Tomography Features in
Surgically Resected Non-Small Cell Lung Cancer: A Retrospective
Cohort Study,” Scientific Reports 15, no. 1 (2025): 24323.

99. P. Serra, A. Petat, J. M. Maury, et al., “Programmed Cell Death-
Ligand 1 (PD-L1) Expression Is Associated with RAS/TP53 Mutations
in Lung Adenocarcinoma,” Lung Cancer 118 (2018): 62-68.

100. P. Sharma, S. Goswami, D. Raychaudhuri, et al., “Immune
Checkpoint Therapy-Current Perspectives and Future Directions,” Cell
186, no. 8 (2023): 1652-1669.

101. National Comprehensive Cancer Network. “NCCN Clinical
Practice Guidelines in Oncology: Treatment by Cancer Type.” Version
2.2025. Accessed August 26, 2025. https://www.nccn.org/guidelines/
category_1

102. European Society for Medical Oncology, “ESMO Clinical Practice
Guidelines.”  https://www.esmo.org/guidelines. ~ Version = 9.2024.
Accessed August 26, 2025.

103.J. A. Sereide, O.]J. Greve, E. Gudlaugsson, and S. Sterset, “Hepatoid
Adenocarcinoma of the Stomach—Proper Identification and Treatment
Remain a Challenge,” Scandinavian Journal of Gastroenterology 51, no.
6 (2016): 646-653.

104.J.F.Zhang,S.S.Shi, Y. F.Shao,and H.Z.Zhang, “Clinicopathological
and Prognostic Features of Hepatoid Adenocarcinoma of the Stomach,”
Chinese Medical Journal 124, no. 10 (2011): 1470-1476.

105. M. Inoue, T. Sano, A. Kuchiba, H. Taniguchi, T. Fukagawa, and
H. Katai, “Long-Term Results of Gastrectomy for Alpha-Fetoprotein-
Producing Gastric Cancer,” British Journal of Surgery 97, no. 7 (2010):
1056-1061.

106. V. Simmet, M. Noblecourt, T. Lizée, et al., “Chemotherapy of
Metastatic Hepatoid Adenocarcinoma: Literature Review and Two Case
Reports With Cisplatin Etoposide,” Oncology Letters 15, no. 1 (2018):
48-54.

107. T. Gavrancic and Y. H. Park, “A Novel Approach Using Sorafenib in
Alpha Fetoprotein-Producing Hepatoid Adenocarcinoma of the Lung,”
Journal of the National Comprehensive Cancer Network 13, no. 4 (2015):
387-391.

108. F. Petrelli, M. Ghilardi, S. Colombo, et al., “A Rare Case of
Metastatic Pancreatic Hepatoid Carcinoma Treated With Sorafenib,”
Journal of Gastrointestinal Cancer 43, no. 1 (2012): 97-102.

109.Z. N. Huang, Y. Q. Huang, Q. Q. Hong, et al., “Long-Term
Prognostic Benefit of Adjuvant Chemotherapy for Patients with
Hepatoid Adenocarcinoma of the Stomach After Radical Resection: A
National Multicenter Study,” European Journal of Surgical Oncology 49,
no. 11 (2023): 106975.

110. M. Li, Y. X. Mei, J. H. Wen, et al., “Hepatoid Adenocarcinoma-
Clinicopathological Features and Molecular Characteristics,” Cancer
Letters 559 (2023): 216104.

111.Y. C. Chang, N. Nagasue, S. Abe, H. Kohno, D. D. Kumar, and
T. Nakamura, “Alpha Fetoprotein Producing Early Gastric Cancer
With Liver Metastasis: Report of Three Cases,” Gut 32, no. 5 (1991):
542-545.

112.Y. Y. Lin, C. M. Chen, Y. H. Huang, et al., “Liver Metastasis from
Hepatoid Adenocarcinoma of the Stomach Mimicking Hepatocellular
Carcinoma: Dynamic Computed Tomography Findings,” World Journal
of Gastroenterology 21, no. 48 (2015): 13524-13531.

113. G. Peng, Z. Zeng, Y. Qiao, et al., “Hepatoid Adenocarcinoma of the
Stomach with Liver and Pulmonary Metastases: A Case Report and
Literature Review,” J Biomed Res Environ Sci. 5(2024): 236-241.

114.J. Mullen, S. Kato, J. K. Sicklick, and R. Kurzrock, “Targeting
ARID1A Mutations in Cancer,” Cancer Treatment Reviews 100 (2021):
102287.

115. T. Lebedev, R. Kousar, B. Patrick, et al., “Targeting ARID1A-
Deficient Cancers: An Immune-Metabolic Perspective,” Cells 12, no. 6
(2023): 952.

116. K. Zhu, X. Yang, H. Tai, et al., “HER2-Targeted Therapies in
Cancer: A Systematic Review,” Biomarker Research 12, no. 1 (2024): 16.

117. Z. Wang, S. Zhang, L. M. Irakoze, and Y. Zhao, “Targeting p53
Activation: Recent Therapeutic Advances in Cancer and Diabetic
Macular Edema,” European Journal of Medicinal Chemistry 297 (2025):
117909.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Table S1: Supporting Information.
Table S2: Supporting Information.

Cancer Medicine, 2026

150f 15


https://www.nccn.org/guidelines/category_1
https://www.nccn.org/guidelines/category_1
https://www.esmo.org/guidelines

	A Clinical Guidance for the Management of Patients With Hepatoid Adenocarcinoma and A Case Series
	ABSTRACT
	1   |   Introduction
	2   |   Epidemiology, Clinical Features, and Risk Factors
	2.1   |   Stomach
	2.2   |   Lung
	2.3   |   Esophagus
	2.4   |   Colon
	2.5   |   Small Intestine
	2.6   |   Pancreas

	3   |   Diagnosis and Differential Diagnosis
	3.1   |   Imaging
	3.2   |   Serum Biomarkers
	3.3   |   Histopathology
	3.4   |   Immunohistochemistry and Molecular Features
	3.5   |   Genetics

	4   |   Clinical Characteristics of 15 Patients Diagnosed With HAC
	5   |   Treatment and Prognosis
	6   |   Conclusion
	Author Contributions
	Acknowledgments
	Funding
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


