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Abstract
BACKGROUND
[bookmark: OLE_LINK7]Gastric adenocarcinoma with enteroblastic differentiation (GAED) is one of the common subtypes of alpha-foetoprotein (AFP)-producing gastric cancer. GAED frequently results in venous invasion and liver metastasis, the latter being particularly linked to a poor prognosis. So far, the evidence for liver metastases from AFP-producing gastric cancer is only focused on those from gastric hepatoid adenocarcinoma, owing to their imaging similarities with hepatocellular carcinoma. This case report describes the characteristic diagnostic imaging findings of liver metastasis from GAED.

CASE SUMMARY
A 65-year-old man who had undergone a pyloric gastrectomy for GAED two years ago was found to have a liver tumor in the hepatic segment 7, accompanied by elevated serum AFP levels. Dynamic contrast-enhanced computed tomography revealed the tumor showing peripheral-dominant enhancement in the arterial phase with persistent central enhancement in the delayed phase. Gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid-enhanced magnetic resonance imaging demonstrated a signal drop in the tumor periphery in chemical shift imaging, along with arterial enhancement. Additionally, rim-like hypointensity surrounding the tumor was observed in the hepatobiliary phase. Postresection examination confirmed the tumor to be a metastasis from GAED. Histopathological examination revealed severe invasion of the tumor into the portal vein and hepatic vein surrounding the tumor, which explained the imaging features.

CONCLUSION
The imaging features of blood flow alternations resulting from vascular invasion may be crucial to diagnosing liver metastases from GAED.
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Core Tip: Accurate diagnosis of liver metastases from gastric adenocarcinoma with enteroblastic differentiation (GAED) and distinguishing it from other potential differentials, particularly hepatocellular carcinoma, is crucial owing to its association with a poor prognosis. The presence of elevated serum alpha-foetoprotein levels, as well as histopathological changes in the perilesional tissues surrounding the tumor, are the key characteristic findings of liver metastases from GAED. This report is the first to describe the characteristic imaging features of liver metastases from GAED based on the radiopathological correlation.

INTRODUCTION
Gastric adenocarcinoma with enteroblastic differentiation (GAED) is a type of alpha-foetoprotein (AFP)-producing gastric cancer, similar to other tumors like gastric hepatoid adenocarcinoma (GHA) and gastric yolk sac tumor. Histologically, GAED is characterized by a glycogen-rich clear cytoplasm and fetal gut-like structures, along with the expression of one or more of the following enteroblastic markers: Glypican-3, spalt-like transcription factor 4, and AFP[1,2]. Notably, GAED occurs more frequently with venous invasion and liver metastasis compared to conventional gastric cancer and is associated with a poorer overall survival prognosis[1,3,4]. Liver metastasis from GAED is observed in 31%-41.5% of cases and is clinically important for both diagnosis and prognostication of GAED[1,3]. Although several studies have reported imaging findings for liver metastasis from AFP-producing gastric cancer, most of the existing literature focuses on liver metastases from GHA[5-8]. Previous studies also have emphasized the need for caution in diagnosing liver metastases from GHA, given the similarity of these imaging findings with those from hepatocellular carcinoma (HCC)[9,10]. Given the lack of comprehensive reporting on the imaging findings of hepatic metastasis from GAED, we present a rare case of liver metastasis from GAED and discuss the challenges met in differentiating it from HCC due to the presence of arterial enhancement and fat content.

CASE PRESENTATION
Chief complaints
An asymptomatic 65-year-old male patient of GAED was found to have a liver mass on computed tomography (CT).

History of present illness
The patient had undergone pyloric gastrectomy for GAED two years ago. The follow-up CT revealed a liver mass, for which he was referred to our hospital.

History of past illness
The postoperative pathology revealed GAED (pT3N0M0, stage 2A).

Personal and family history
There was no relevant history of tumor or liver disease.

Physical examination
No abnormalities were noted in the physical examination.

Laboratory examinations
The patient had significantly elevated serum AFP levels (283 ng/mL; normal value: < 10 ng/mL), while other tumor markers were within normal ranges.

Imaging examinations
Contrast-enhanced CT revealed a well-defined oval mass (3.5 cm) in segment 7 of the liver (Figure 1). In the arterial phase, the tumor showed peripheral-dominant enhancement; in the delayed phase, the peripheral tumor area showed the same degree of enhancement as the surrounding liver parenchyma, and the central area was progressively enhanced. Next, gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid-enhanced magnetic resonance imaging (MRI) was performed which showed the tumor as a mildly hyperintense structure with indistinct borders on T2-weighted images and hyperintense on diffusion-weighted images, demonstrating a contrast enhancement pattern similar to that of contrast-enhanced-CT (Figure 2). The periphery of the tumor showed a signal drop in chemical shift imaging and the same signal intensity as the liver parenchyma in the hepatobiliary phase (HBP), corresponding to the hyperenhancement area in the arterial phase. The HBP image also demonstrated a rim-like hypointensity surrounding the tumor.

FINAL DIAGNOSIS
The clinical and imaging findings were suggestive of HCC or liver metastasis as a differential diagnosis.

TREATMENT
A partial hepatic resection was performed. Macroscopically, we observed a yellowish-white lobulated mass without a well-defined capsule, with dilation of the portal vein surrounding the tumor (Figure 3). Histopathological examination of the resected specimen revealed tumor cells with clear cytoplasm forming a glandular structure (Figure 4A and B), along with testing positive for AFP in the immunohistochemical testing (Figure 4C). These findings were similar to those of the previously resected gastric adenocarcinoma. Furthermore, Elastin van Gieson staining showed tumor invasion of the portal vein surrounding the tumor and the hepatic vein branch touching the tumor (Figure 4D and E). Additionally, hepatic steatosis and sinusoidal dilation were observed in the liver parenchyma surrounding the tumor (Figure 5). The dilated sinusoids were partially positive for CD34, suggestive of arterial blood supply to the tumor. The liver tumor was ultimately determined as metastasis from GAED.

OUTCOME AND FOLLOW-UP
Six months after the surgery, the patient continues to receive chemotherapy, with no evidence of new metastatic lesions.

DISCUSSION
In our patient, the radiopathological correlation demonstrated the liver metastases from GAED showed circumferential perilesional enhancement in the arterial phase on both contrast-enhanced CT and MRI. Presumably, an arterio-portal shunt caused by the narrowing, obliteration, or compression of sinusoids is the underlying functional mechanism of the perilesional enhancement in liver metastases[11]. Further histological examination demonstrated the presence of a tumor thrombus in the peritumoral portal vein, which may have contributed to the development of an arterio-portal shunt leading to perilesional enhancement. Vascular thrombosis has been described as an important imaging feature of liver metastases from GHA[5]. However, to date, only a few reports have addressed the association between liver metastases from GAED and tumor thrombus. Ge et al[12] recently described that 11 out of 16 patients with GAED (68.8%) exhibited vascular thrombosis. Additional studies with larger cohorts are necessary to determine whether vascular thrombosis is a characteristic feature of GAED and GHA.
Our case also showed a signal drop on chemical shift imaging, which reflects steatosis in the area consistent with perilesional enhancement. Peritumoral hepatic steatosis is often observed in liver metastases from insulinoma and has also recently been reported in metastatic somatostatin-producing neuroendocrine neoplasm[13,14]; however, there are no reports of fat deposition around tumors associated with blood flow changes. A previous study reported fatty degeneration of hepatocytes with sinusoidal dilation in the congested liver as a result of heart failure[15]. In our patient, fat deposition was observed in the peritumoral hepatocytes surrounding the dilated sinusoid, potentially indicating fat degeneration resulting from congestion caused by the tumor thrombus in the hepatic vein.
Additionally, we observed a rim-like hypointensity surrounding the tumor in HBP; pathological examination revealed no capsule, but a dilated portal vein in the corresponding area. HBP is an imaging sequence that histologically reflects the expression of organic anion-transporting polypeptide 1B3 on the cells. In HCC, microscopic portal vein tumor invasion induces hemodynamic changes, leading to a reduction of organic anion-transporting polypeptide B3 expression in the surrounding liver parenchyma; this alternation may explain the imaging finding of peritumoral hypointensity[16]. The underlying mechanism for the rim-like hypointensity observed in our patient remains unknown, but it is plausible that the hemodynamic changes in the portal vein, induced by the tumor thrombus in the portal and hepatic veins, may be responsible.
Tumor size is an essential factor in determining the treatment strategy. If the tumor size is overestimated, the patient could be deprived of appropriate treatment options. Several imaging sequences have been reported to assess the appropriate size of liver tumors[17,18]. The arterial phase is not ideal for evaluating tumor size, as it complicates the differentiation between the perilesional and tumor enhancement zones. As a potential pitfall, if the liver parenchyma surrounding the tumor also shows hyper-enhancement, as observed in our case, it may be misidentified as part of the tumor, leading to inaccurate measurement of the tumor size.
[bookmark: OLE_LINK8]Both angiomyolipoma and HCC should be considered in the differential diagnosis of hepatic tumors with arterial enhancement and fat deposition. Angiomyolipoma typically does not show an increase in AFP, and early venous return is considered as the characteristic imaging feature[19]. However, steatohepatitic HCC (SH-HCC) is a histological variant of HCC characterized by fat deposition, with the distinctive radiological features of arterial enhancement, delayed washout, and the presence of diffuse or focal fatty deposits[20]. In the present case, the presence of elevated AFP levels and the HBP findings - the rim-like hypointensity (interpreted as a tumor capsule) and the hyperintensity lesions (indicating fat deposits and arterial enhancement) - were considered part of the tumor, leading to the inclusion of SH-HCC as a differential diagnosis. However, there was no washout in the delay phase, which was used to differentiate SH-HCC from liver metastases from GAED.

CONCLUSION
We reported a rare case of liver metastasis from GAED and provided detailed imaging features for both CT and MRI. The specific imaging characteristics observed in this case, including perilesional enhancement, fat deposits, and rim-like hypointensity, suggest histological invasiveness (vascular invasion) of the liver metastases from GAED. Further studies with more cases related to liver metastases from GAED are required to confirm these imaging findings.
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Figure 1 Contrast-enhanced computed tomography. A: Plain computed tomography revealed a low-density tumor with a diameter of 30 mm located in segment 7; B: In the arterial phase, the tumor showed an oval shape with predominant peripheral enhancement; C: In the portal phase, the enhancement observed in the arterial phase was diminished; D: In the delayed phase, the peripheral area of the tumor became indistinguishable from the surrounding liver parenchyma, while the central area showed progressive enhancement.
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Figure 2 Gadolinium ethoxybenzyl diethylenetriamine penta-acetic acid-enhanced magnetic resonance imaging. A: The tumor exhibited slight hyperintensity with indistinct borders on the T2-weighted image; B: The tumor showed hypointensity on the T1-weighted in-phase image; C: A signal drop at the tumor margin was observed on the T1-weighted out-phase image; D: The tumor showed hyperintensity on the diffusion-weighted image; E: The tumor showed hypointensity on the fat-saturated T1-weighted image; F: In the arterial phase, the tumor showed well-defined, peripheral-dominant enhancement; G: In the delayed phase, progressive enhancement was observed in the central area of the tumor; H: In the hepatobiliary phase, the peripheral area of the tumor showed hyperintensity, with a surrounding rim-like hypointensity detected around it (arrows).
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Figure 3 Gross image of the surgical specimen. A: Macroscopically, a lobulated yellowish-white mass is observed; B: The dilated portal veins were observed surrounding the tumor (arrows).
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Figure 4 Histopathological images of the surgical specimen. A: Atypical cells with clear cytoplasm were observed, proliferating in a tubular to papillary pattern (hematoxylin and eosin staining, magnification × 25); B: Higher magnification of the same area as in Figure 4A (hematoxylin and eosin staining, magnification × 200); C: Immunohistochemistry demonstrated that the tumor cells were positive for alpha-fetoprotein; D: Elastica Van Gieson staining revealed invasion of the portal vein (arrow); E: Elastica Van Gieson staining also revealed invasion of the right hepatic vein of the liver parenchyma surrounding the tumor (arrow). RHV: Right hepatic vein.
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Figure 5 Histopathological image of the tumor margins. A: Sinusoids of the liver parenchyma in the tumor margin (area surrounded by dotted lines) were dilatated, which was thought to reflect congestion due to vascular invasion (hematoxylin and eosin staining, magnification, × 10); B: Magnification of the area surrounded by the dotted lines showing fatty degeneration of hepatocytes (hematoxylin and eosin staining, magnification, × 100).
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