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Abstract
Background: To investigate whether there is a distinct difference in prognosis between hepatoid
adenocarcinoma of the stomach (HAS) and non-hepatoid adenocarcinoma of the stomach (non-HAS)
and whether HAS can bene�t from radical surgery.

Methods: We retrospectively reviewed 722 patients with non-HAS and 75 patients with HAS who
underwent radical gastrectomy between 3 November 2009 and 17 December 2018. Propensity score
matching (PSM) analysis was used to eliminate the bias among the patients in our study. The
relationships between gastric cancer type and overall survival (OS) were evaluated by the Kaplan-Meier
method and Cox regression.

Results: Our data demonstrate that there was no statistically signi�cant difference in the OS between
HAS and non-HAS {K-M, P=log rank (Mantel-Cox), (before PSM P=0.397); (1:1 PSM P=0.345); (1:2 PSM
P=0.195)}. Moreover, there were no signi�cant differences in the 1-, 2-, or 3-year survival rates between
patients with non-HAS and patients with HAS (before propensity matching, after 1:1 propensity matching,
and after 1:2 propensity matching).

Conclusion: HAS was generally considered to be an aggressive gastric neoplasm, but its prognosis may
not be as unsatisfactory as previously believed.  

Background
Gastric carcinoma (GC) is not only the second most common cancer but also the third leading cause of
death in China [1, 2] , which poses a great threat to people’s health in China [3]. Although the incidence
rate of GC has been declining steadily with the improvement of heath standards, nutrition levels and
radical treatment of Helicobacter pylori, the long-term survival is far from satisfactory [4-6]. Rare types of
cancer without standard treatment modalities partly contribute to the adverse outcomes of GC. As a rare
type of GC [7, 8], hepatoid adenocarcinoma of the stomach HAS  is a special type of extrahepatic
carcinoma characterized by the histological resemblance to hepatocellular carcinoma [9, 10].

 In 1970, Bourreille �rst reported one case of α-fetoprotein-producing gastric carcinoma with liver
metastasis [11]. Later, Ishikura et al. named it “hepatoid adenocarcinoma of the stomach” for primary GC
[12, 13]. It was reported that this rare type of GC accounts for 0.38% to 1% of GC. In addition to similar
clinical features, such as occurring mainly in elderly and male patients [14, 15], HAS was found to be
accompanied by a higher rate of lymph node and liver metastasis in comparison with GC [16, 17].
Additionally, more than 80% of HAS patients had elevated serum α-fetoprotein (AFP) levels [16, 18].
Considering the higher rate of metastasis, the prognosis of HAS has been widely reported to be inferior to
that of non-HAS [19]. To the best of our knowledge, however, most studies have been limited to case
reports or case series [20]. Therefore, a more systematic study with more cases is especially meaningful
for the prognostic exploration of HAS.
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In our study, to explore the prognosis of HAS and whether HAS can bene�t from radical surgery, we
conducted propensity score-based analyses on a larger number of patients with GC.

Methods
Patients

 Patients of 797 who underwent radical surgical resection for gastric carcinoma at the Peking University
Cancer Hospital between 3 November 2009 and 17 December 2018 were considered for inclusion in the
study. Patients with GC were diagnosed by gastroscopy, biopsy and computed tomography. GC patients
with su�cient clinicopathological information were included in our research. However, patients without
radical surgery and who were diagnosed with non-adenocarcinoma were excluded. For advanced gastric
cancer (including non-HAS and HAS), if there was no distant metastasis or invasion of surrounding
organs, D2 lymphadenectomy is recommended, which is performed by experienced doctors.

We collected clinical information, including sex, age, tumor location, surgery type, and levels of
carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA199). Pathological features such as
vascular invasion, TNM stage (American Joint Committee on Cancer (AJCC), 7th edition),
immunohistochemistry results and neoadjuvant chemotherapy were also gathered. The basic clinical
characteristics were listed in (Additional�le1: Table1).

The diagnose of patients

Before surgery, pelvic and abdominal contrast-enhanced computed tomography (CT) was used to check
patients’ condition of local lymph nodes and surrounding organs and determine the lesion area of GC,
while gastroscopy biopsy was performed to determine the pathological type at the same time. The
gastroscopy biopsy and (or) surgical specimens of HAS both have different percentages of HAS cell
components. Once the pre-operative and postoperative specimens were found with adenocarcinoma,
hepatocellular carcinoma or the sole hepatocyte-like regions in morphology, which would be added to
examine several immune-histochemical markers, such as AFP [21], Glypican-3(GPC-3), SALL4 and Hap-
Par 1[7, 22]. If the immunohistochemical marker AFP was positive, we preliminarily considered the
diagnosis of a patient’s disease as HAS. Under these circumstances, most lesions contained aberrant
hepatocellular differentiation [23]. The neoplastic tissue of HAS had other than a trabecular pattern with a
round to ovoid nuclei, some existed intranuclear pseudoinclusions, and some with large cells of
eosinophilic cytoplasm as well as prominent nucleoli [16]. The gastroscopy biopsy and (or) surgical
specimens of HAS had different HAS cell component percentages [7]. Therefore, the de�nitive diagnosis
of HAS depended on the histomorphological features plus immunophenotypical evidence [21].

Two pathologists assessed AFP staining based on the percentage of stained celled and staining density.
The percentage score of stained cells was divided into three groups: 0 for unstained cells, 1 for 1-50%
stained cells, and 2 for 51-100% stained cells. The staining density ranged from 0 to 3: 0 for intense, 1 for
mild, 2 for moderate, and 3 for staining[7].
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Follow-up visits

We completed the follow-up at our hospital by telephone. The status of all patients was assessed every 3
to 6 months during follow-up. We routinely checked chest and abdominal computed tomography (CT),
tumor markers (CEA, CA199, carbohydrate antigen 242(CA242), carbohydrate antigen 724 (CA724 ).
Liver-speci�c contrast-enhanced Magnetic Resonance Imaging (MRI) (the result of this check was
presented as multiple lesions in the liver, which was typically characterized by the bovine eye sign),
positron emission tomography-computed tomography (PET-CT) and other examinations were considered
to be checked according to the special situations of patients. Overall survival OS time was recorded
during the time from the date of surgery to the date of death of cancer or the date of the last follow-up.
The follow-up period lasted three years.

Propensity score analysis (PSM)

To accurately analyzed the prognosis of HAS, we used propensity score matching to balance out the bias
between HAS and non-HAS patients. The propensity score of all patients was determined by using the
chi-square and Mann-Whitney U tests (Table 1). According to a 0.02 caliper width, one-to-one nearest-
neighbour matching was carried out. One-to-two nearest-neighbour matching was performed with a 0.05
caliper width.

Statistical analysis

Statistical analysis was conducted by using SPSS software version 23.0 (IBM, United States). The
statistical signi�cance of categorical data was assessed by using the chi-square test (X² test), and
continuous data using the Mann-Whitney U test. We found that T stage (in�ltration depth), EGFR, KI-76,
the level of CEA and CA199, HER2 and neoadjuvant chemotherapy had statistically signi�cant
differences between HAS and non-HAS groups. According to the outcome and confounding variables to
built a binary logistic regression analysis, and took stepwise regression. The variables of entering the
model or having clinical signi�cance were selected into the Covariates, elimination variables into the
additional covariance of PSM. PSM effectively balanced the mixed bias of group HAS and non-HAS. We
utilized the method of PSM to get two schemes of which the ratio were 1:1 and 1:2 ( HAS : non-HAS),
respectively. For the univariate analysis of OS, the Kaplan-Meier approach was used. For the multivariate
analysis, the Cox regression was used. P<0.05 was considered as the threshold of having statistical
signi�cance. In order to obtain a more vivid and beautiful survival analysis curve, Kaplan-Meier survival
plots were made by using GraphPad Prism 5.

Results
Study population

From November 2009 to December 2018, 797 patients were enrolled in our research. A total of 722
(90.6%) gastric adenocarcinoma cases (non-HAS) and 75 (9.4%) HAS cases were detected by histological
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morphology and immunohistochemistry. However, 11 non-HAS and 2 HAS patients hand distant
metastases (M1). To reduce bias, these patients were excluded from this evaluation. Through one-to-one
nearest-neighbour matching with a 0.02 caliper width, 144 patients were included for analysis, with 72
HAS and non-HAS patients each. Through one-to-two nearest-neighbour matching with a 0.05 caliper
width, 165 patients were included in our study, with 110 non-HAS patients and 55 HAS patients. (Fig. 1)

Clinicopathological characteristics

For the 797 patients, the two groups (HAS and non-HAS) were consistent in terms of sex, age, tumor
location, surgery type, vascular invasion, and N (lymph node metastasis) and M stage (distant
metastasis). Nevertheless, the two groups were differentially distributed in terms of T stage, EGFR, KI-67,
CEA, CA199, HER-2 and neoadjuvant chemotherapy. One-to-one and one-to-two nearest-neighbour
matching were used to generate 144 and 165 patients from the two groups, respectively. They showed no
signi�cant bias in clinicopathological characteristics. (Additional�le1: Table1)

Survival among all patients and propensity-matched pairs

In our analysis, we found that OS was not signi�cantly different between the HAS group and the non-HAS
group (Fig. 2). The median follow-up time of the pre-PSM cohort was 22.0 months (rang= 0 to
97months). The median follow-up time was 15.0 months (rang=0 to 97 months) after 1:1 PSM. The
median follow-up time was 21.0 months(range=0 to 97 months after 1:2 PSM. Among the 784 patients
(13 patients with distant metastasis were excluded from 797 patients) in our study, the 1-, 2-, and 3-year
survival rates of non-HAS patients were 92.6%, 81.1%, and 75.0%, and those of HAS patients were 87.9%,
86.2%, and 82.6%, respectively. Among the one-to-one nearest-neighbour matched pairs of patients, the 1-,
2-, and 3-year survival rates of non-HAS patients were 94.4%, 86.5%, and 82.3%, and those of HAS
patients were 92.9%, 86.3% and 84.5%, respectively. Among one-to-two nearest-neighbour matched pairs
of patients, the 1-, 2-, and 3-year survival rates of non-HAS patients were 98.1%, 98.1%, and 96.9%, and
those of HAS patients were 90.3%, 83.9% and 79.9%, respectively.

Risk factors for prognosis

Among the 784 patients, univariate analysis showed that the tumour location, surgery type, vascular
invasion, T and N stage, the levels of CEA and CA19-9, EGFR expression and neoadjuvant chemotherapy
were signi�cantly associated with OS. Among the one-to-one nearest-neighbour matched pairs of
patients, T and M stage, EGFR expression and neoadjuvant chemotherapy were found to be signi�cantly
related to OS. Among the one-to-two propensity-matched pairs of patients, T and M stage, level of CEA
and EGFR expression were signi�cantly associated with OS (Table 2).

Among the 784 patients, multivariate analysis identi�ed prognostic factors including T and N stage,
EGFR and neoadjuvant chemotherapy. There was no statistical difference of OS between HAS and non-
HAS by using multivariable Cox regression models given the following covariance: age, tumor location,
surgery type, vascular invasion, T and N stage, the level of CEA and CA199, EGFR and neoadjuvant
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chemotherapy. (P=0.619) (Table 3a). Among the one-to-one nearest-neighbour matched pairs of patients,
the univariate analysis identi�ed some factors signi�cantly related to OS, including the T stage, M stage,
the level of CEA, EGFR and neoadjuvant chemotherapy. There was no statistical difference of OS between
HAS and non-HAS by using multivariable Cox regression models given the following covariance: age,
vascular invasion, TNM stage, the level of CEA and CA199, EGFR and neoadjuvant chemotherapy.
(p=0.841) (Table 3b). Among the one-to-two nearest-neighbour matched pairs of patients, M stage and
the level of CEA associated with OS. There was no statistical difference of OS between HAS and non-HAS
by using multivariable Cox regression models given the following covariates: age, vascular invasion, TNM
stage, the level of CEA and CA199, EGFR and neoadjuvant chemotherapy. (p=0.098) (Table 3c).

Discussion
HAS comprises polygonal cells arranged in solid or trabecular form, similar to that in hepatocellular
carcinoma [12, 24]. Many researchers supported that the common embryos of the stomach and liver
originated from the foregut and may evolve through genetic progression and/or genetic differences [25,
26]. At present, there were two views on the prognosis of HAS and non-HAS. The majority of studies
showed that HAS had a distinctly poorer prognosis than non-HAS [9, 10, 27]. However, a few reports
suggested that HAS did not have a poorer prognosis. Although many researchers explored the clinical
characteristics of HAS, there was still no uni�ed standard for its diagnosis and treatment, and most of
them were case reports [28]. In addition, owing to inadequate understanding of HAS and clinicians and
pathologists did not pay much attention to it[23]. Therefore, it may be clinically di�cult to draw a
consistent conclusion of the prognostic impact of HAS. Certainly because of this, our study aimed to
further elucidate whether HAS had a worse prognosis than non-HAS using a larger number of patients
and whether HAS can bene�t from radical surgery.

We used the propensity score matching method to eliminate the bias between HAS and non-HAS patients
and then compared their prognoses. Our study showed that there was no signi�cant difference in
postoperative OS between HAS and non-HAS patients within 3 years after radical surgical resection,
which is contrary to the majority of �ndings. The research from Liu et al showed a signi�cantly different
prognosis between HAS and non-HAS [29]. The 1-, 3-, and 5-year survival rates of HAS and non-HAS
(without AFP production) were 30%, 13%, and 9% and 95%, 57%, and 38%, respectively [29]. In their
research, the incidence of liver metastasis was 75.6% (34/45), including 8.9% synchronous and 73.2%
(30/41) metachronous liver metastasis [29]. However, in the study by Cheon SH et al, among 10259
patients diagnosed with gastric adenocarcinoma and 58 patients had live-only metastases after gastric
resection[30]. Our research had seven HAS patients with postoperative liver metastasis (7/73). Therefore,
we boldly speculated that the patients of HAS may had a higher risk of liver metastases[7, 31] than non-
HAS, and the occurrence of liver metastasis contributed to the poorer prognosis of HAS, which was
consistent with the �ndings of some reports [12, 32, 33]. It was worth mentioning that the prognosis of
patients with higher serum levels of AFP was poorer than that of patients with lower serum levels of AFP
(<500 ng/ml) [7]. Essentially, there remained no clear reasons for the poorer OS of HAS. Some researchers
believe that HAS produced alpha-1 antitrypsin (AAT) and/or alpha-1 antichymotrypsin (ACT) and AFP,
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which enhanced invasiveness and affect immunosuppressive properties [12, 34, 35]. However, a few
studies were consistent with ours. Wang et al., demonstrated that patients with HAS who underwent
radical surgery had a 5-year survival rate of 41.1% [14]. Augustin G reported that a 72-year-old man was
diagnosed with HAS underwent gastrectomy and splenectomy. He was still alive 24 months after surgery
without distant metastasis[36]. Giustozzi G et al reported that a HAS patient with radical surgery who
underwent chemotherapy was still alive and disease-free (with a 52-month follow-up)[37]. Therefore,
radical surgery and adjuvant chemotherapy may have a positive impact on the therapeutic effect [38, 39].

In our research, the univariate analysis suggested that both T and M stage were related to the OS of
gastric adenocarcinoma in the groups of data before and after PSM, but the N stage had no signi�cant
relationship with prognosis in the data after propensity score matching. This �nding may be attributed to
the limited number of samples after PSM. In the multivariate analysis, before PSM, T and N stage, the
level of EGFR, and neoadjuvant chemotherapy were independent risk factors affecting the OS of HAS and
non-HAS patients. T stage, the level of CEA and EGFR and neoadjuvant chemotherapy were independent
risk factors affecting the OS of HAS and non-HAS patients in the 1:1 propensity matching. The level of
CEA was an independent risk factor that affected the OS of patients after radical surgery in 1:2 propensity
matching. Although distant metastasis (M1) was a signi�cant predictor of OS after PSM, we have less
data on distant metastasis, it was not convincing.

Our study had several limitations. First, it was retrospective and enrolled patients in a single institutional
cohort. Second, we did not include information about the patient’s postoperative chemotherapy in our
study. However, we usually decided whether to give chemotherapy to patients according to their
postoperative pathological results. Lastly, the follow-up time was not long enough to assess long-term
prognosis. Despite these limitations, a relatively large number of patients and rigorous statistical
methods made our results convincing.

Conclusion
There was no statistically signi�cant difference in the overall survival time between patients with HAS
and non-HAS after radical surgery and adjuvant chemotherapy. Under the condition that patients with
HAS could tolerate the surgery, the choice of surgery indications and methods were the same as that of
non-HAS, radical surgery was the best choice for HAS patients.
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HAS: hepatoid adenocarcinoma of the stotmach;

non-HAS: non-hepatoid adenocarcinoma of the stomach;

OS: the overall survival time;
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CT: Computed tomography;
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Due to technological limitations, tables can only be accessed as downloads in the supplementary �les.
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Figure 1

Analysis follow chart
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Figure 2

Kaplan-Meier survival plots were made by using GraphPad Prism 5
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