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Abstract
A 77-year-old Japanese woman was transported to a nearby hospital due to sudden abdominal pain and transient loss of consciousness. Abdominal computed tomography (CT) suggested hemoperitoneum and hepatic nodule. She was conservatively treated. Contrast-enhanced CT two months later revealed an increased mass size, and the enhancement pattern suggested the possibility of hepatocellular carcinoma (HCC). Under a clinical diagnosis of HCC, transcatheter arterial chemoembolization (TACE) was performed. A subsequent imaging study revealed that most of the lipiodol used for the embolization was washed out. Therefore, surgical resection was performed. Histologically, the nodule contained numerous inflammatory cells including small lymphocytes, plasma cells and macrophages. Notably, epithelioid granulomatous features with multinucleated giant cells were observed in both the nodule and background liver. Some of the multinucleated giant cells contained oil lipid. Among the infiltrating inflammatory cells, spindle-shaped, histiocytoid or myoid tumor cells with eosinophilic cytoplasm were found. The tumor cells were positive for Melan A and HMB45. The nodule contained many IgG4-positive plasma cells; these were counted and found to number 72.6 cells/ HPF (range: 61-80). The calculated IgG4:IgG ratio was 33.2%. The nodule was finally diagnosed as previously ruptured inflammatory angiomyolipoma modified by granulomatous reaction after TACE.
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INTRODUCTION
Hepatic angiomyolipoma (AML) is a rare benign neoplasm composed of variable admixtures of adipose tissue, smooth muscle and thick-walled blood vessels which was first described by Ishak in 1976[1]. Hepatic AML is currently considered to be a tumor of perivascular epithelioid cells (PEComa) having myomatous and lipomatous differentiation and melanogenesis[2,3]. Melanocytic markers, such as HMB-45 and Melan A were considered to be promising markers for AML in immunohistochemistry.
	According to the differentiation, predominance of tissue components, and growth patterns, AML were subcategorized into classical/mixed, leiomyomatous, lipomatous, myelolipomatous, angiomatous/angiomyomatous, epithelioid, trabecular, oncocytic, pleomorphic and inflammatory variants[3,4]. Of these, the inflammatory variant is extremely rare, and differential diagnosis with other histologically similar tumors such as inflammatory pseudotumors (IPTs), inflammatory myofibroblastic tumors (IMTs) and follicular dendritic cell (FDC) tumors is necessary[5]. The authors herein present a unique case of spontaneously ruptured hepatic inflammatory AML modified by epithelioid granuloma, the histology of which was previously unreported.

CASE REPORT
A 77-year-old Japanese woman was transported to a nearby hospital due to sudden abdominal pain and transient loss of consciousness. She had no past medical history except for acute appendicitis 20 years earlier. She had no signs of tuberous sclerosis. Abdominal computed tomography (CT) suggested hemoperitoneum and hepatic nodule. The patient was transferred to our hospital for further examination and treatment. Laboratory tests on admission revealed mild anemia (red blood cell count, 3.60 × 106/μL; hemoglobin concentration, 10.6 g/dL; hematocrit, 25.6%), while the white blood cell and platelet counts were within the normal ranges (6300/μL and 17.7 × 104 /μL, respectively). Serology and coagulation tests showed no abnormalities other than the following: total protein, 5.8 g/dL (normal, 6.7-8.3 g/dL); albumin, 3.2 g/dL (normal, 3.8-5.0 g/dL) and C-reactive protein, 1.12 mg/dl (normal, < 0.30 mg/dL). All examined tumor markers were within normal ranges, including alpha-fetoprotein (AFP) and vitamin K absence-II (PIVKA-II). The patient was negative for HBs antigen and HCV antibody but positive for HBc antibody and positive for antimitochondrial antibody (AMA)-M2. The titer of antinuclear antibody (ANA) was 1:160. The serum IgG level was within the normal range. Additional serum examination revealed no elevation of angiotensin-converting enzyme (ACE) or of the serum IgG4 level. Contrast-enhanced abdominal CT on admission showed subcapsular hematoma at the left lobe of the liver and hemorrhagic ascites around the spleen. A mass-like lesion measuring approximately 1.5 cm in diameter was also noted at segment 2 of the liver adjacent to the simple hepatic cyst (Figure 1A). These findings were confirmed by magnetic resonance imaging (MRI). Because of the stability of the patient’s vital signs and the improvement of her anemia, the patient was treated conservatively and discharged on her tenth day in the hospital.
The patient was followed-up with periodic imaging studies. Contrast-enhanced abdominal CT performed two months after the onset revealed an increased mass size (approximately 2.3 cm in diameter) at segment 2 of the liver, and the enhancement pattern (high-low) of the nodule suggested the possibility of hepatocellular carcinoma (HCC). Under a clinical diagnosis of previously ruptured HCC, trancecatheter arterial chemoembolization (TACE) with miriplatin hydrate and lipiodol was performed at three months after the onset. Subsequent CT and MRI images revealed that most of the lipiodol used for the embolization was washed out. Therefore, surgical resection (laparoscopic left lateral segmentectomy) was performed four months after the onset. 
The cut section of the tumor (Figure 1B) revealed a well-demarcated brown to whitish solid mass lesion measuring 2.5 cm in diameter. A simple hepatic cyst was adjacent to the nodule. The nodule contained numerous inflammatory cells including small lymphocytes, plasma cells and macrophages. Thick-walled abnormal arteries were observed peripheral to and inside of the nodule (Figure 2A). Notably, epithelioid granulomatous features, namely epithelioid macrophages and multinucleated giant cells, were frequently observed (Figure 2B). Some of the multinucleated giant cells contained amorphous material which was positively stained by Oil Red O staining (Figure 2C and D). Among infiltrating inflammatory cells, spindle-shaped, histiocytoid or myoid tumor cells with eosinophilic cytoplasm and oval-shaped atypical nuclei with distinct nucleoli were found (Figure 2E). Lipomatous tissue was not apparent in the nodule. Mitotic figures and necrosis were not observed. In the background liver, bridging fibrosis, which would suggest the presence of chronic hepatitis, was not observed (Figure 3A). It should be noted that epithelioid granulomas were observed not only in the nodule, but also in many portal tracts in the background liver surrounding the nodule (Figure 3B). Granulomas were observed even in the intima of some hepatic arteries (Figure 3C). Inflammatory granulation tissue containing hemosiderin-laden macrophages and old blood coagula, which were consistent with a previous rupture and hemorrhage, were observed adjacent to the nodule (Figure 3D). The loss of small bile ducts and chronic non-suppurative destructive cholangitis (CNDSC) suggesting primary biliary cirrhosis (PBC) were not observed.
In the immunohistochemical analysis, the tumor cells were positive for vimentin but negative for pan cytokeratin (AE1/AE3), hepatocyte paraffin 1, c-kit and ALK-1. The tumor cells diffusely expressed melan A with various levels of intensity (Figure 4A) and focally expressed HMB45 (Figure 4B). Few tumor cells weakly expressed alpha-SMA (Figure 4C), but desmin was completely negative. Many IgG4-positive plasma cells were observed in the nodule (Figure 4D). The numbers of IgG- and IgG4-positive plasma cells were counted in three hot spots. The average numbers of IgG- and IgG4-positive plasma cells were 219.0 cells/ HPF (range: 177-285) and 72.6 cells/ HPF (range: 61-80), respectively. The calculated IgG4:IgG ratio was 33.2%. Based on the above histological and immunohistochemical findings, the nodule was finally diagnosed as inflammatory AML modified by granulomatous reaction with multinucleated giant cells.
The patient’s clinical course after surgery was uneventful, and she was discharged from the hospital on the seventh postoperative day. No recurrent tumor has been observed as of the time of this writing (three and a half years after the operation). 

DISCUSSION
An inflammatory variant of hepatic AML was first reported by Kojima et al[5] in 2004. Since then, only eight cases have appeared in the literature in English (Table 1)[5-8]. To make the diagnosis in these cases, it was essential to recognize histiocytoid or myoid tumor cells with eosinophilic granular cytoplasm among the prominent inflammatory cells and to confirm the expression of melanocytic markers by immunohistochemistry. Recently, a case of hepatic inflammatory AML which suggested an association with IgG4-related pseudotumor was reported[6]. Interestingly, our case also showed an elevated IgG4:IgG ratio; therefore, IgG4-related IPT was initially considered as a differential diagnosis. However, the lack of prominent reticular or storiform fibrosis, a normal serum IgG4 level and the absence of IgG4-positive plasma cells in the background portal tracts were negative findings for IgG4-related IPT[9]. Although in most of the reported hepatic AML cases IgG4-positive plasma cells were not investigated, the relationship between IgG4-positive plasma cells and inflammatory AML is an interesting subject. Other differential diagnoses that were considered in our case were spontaneous necrosis of HCC and tuberculosis. The former was ruled out due to the negativity of hepatocyte paraffin 1 and the absence of a remaining or wrecked tumor component. The latter was ruled out due to the absence of caseous necrosis and the negative polymerase chain reaction (PCR) findings for formalin-fixed tissue from the background liver and tumor.
	Notable features of the present case included the granulomatous reaction and the multinucleated giant cells in both the nodule and the surrounding portal tracts of the background liver. It is known that IPTs sometimes contain multinucleated giant cells[9]. However, hepatic inflammatory AML containing multinucleated giant cells has never been reported[5-8]. The differential diagnoses for multiple granulomas included tuberculosis, systemic sarcoidosis, fungal infection and PBC. Tuberculosis was excluded due to the absence of caseous necrosis and the negative Ziehl-Neelsen stain and negative PCR results obtained using formalin-fixed tissue. Systemic sarcoidosis was ruled out because no lesion was found in radiological examination of the whole body and no elevation of the serum ACE level was observed. Although positive serum AMA-M2 suggested the possibility of PBC, it was ruled out due to the normal levels of serum biliary enzymes (such as γ-glutamyltransferase and alkaline phosphatase) and the negative pathological findings for a lack of small bile ducts and CNDSC. From the above diagnostic ruleouts and the finding that lipid material was confirmed in some multinucleated giant cells, we concluded that the granulomatous reaction of both the tumor and background liver were possibly induced by the intra-arterial injection of a lipiodolized agent. Although embolization is sometimes performed in renal AML, detailed histology has not been investigated after the embolization[10,11]. A few case reports of granulomatous reactions against lipiodol have been published, including one report of granulomas in HCC induced by lipiodolized styrene maleic acid conjugated neocarzinostatin (SMANCS)[12-14]. Consequently, the question arises as to whether inflammatory cells can secondarily infiltrate an ordinary AML as a result of TACE. However, we believe that the present case originally developed as an inflammatory AML because of its similarity to previous hepatic inflammatory AML series in terms of the morphology of the tumor cells and the composition of the inflammatory cells, with the exception of the granulomatous reaction.
Our case involved an outbreak of intraperitoneal bleeding. Hepatic tumors that cause spontaneous rupture and hemoperitoneum are usually HCCs. However, it is known that hepatic AML has also ruptured spontaneously and caused hemoperitoneum in rare cases. We could find only seven previously reported cases of spontaneously ruptured hepatic AML (Table 1)[3,15-20]. The previously reported cases involved large (5-10.5 cm) subcapsular tumors. Our case was also subcapsular but was the smallest (2.5 cm) ruptured hepatic AML among those reported. No ruptured case was found in the previously reported inflammatory AML series.
	In summary, we have presented an extremely rare case of a spontaneously ruptured hepatic inflammatory AML modified by a granulomatous reaction after chemoembolization. Present case would be useful reference for the pathologists or clinicians who encounter similar case in the future.
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COMMENTS
Case characteristics
A 77-year-old woman was transported to a hospital due to sudden abdominal pain and transient loss of consciousness.

Clinical diagnosis
Abdominal computed tomography (CT) revealed hemoperitoneum and hepatic nodule.

Differential diagnosis
Rupture of hepatocellular carcinoma, mass-forming intrahepatic cholangiocarcinoma, metastatic liver tumor and other hepatic tumors.

Laboratory diagnosis
Mild anemia was observed. All examined tumor markers were within normal ranges, including alpha-fetoprotein and vitamin K absence-II.

Imaging diagnosis
Clinical diagnosis of ruptured hepatocellular carcinoma was made by the findings of contrast-enhanced abdominal CT.

Pathological diagnosis
Among the infiltrating inflammatory cells with epithelioid granulomatous features, tumor cells which were positive for Melan A and HMB45 were found. The nodule was finally diagnosed as previously ruptured inflammatory angiomyolipoma modified by granulomatous reaction after chemoembolization.

Treatment
Transcatheter arterial chemoembolization was initially performed and then surgical resection (laparoscopic left lateral segmentectomy) was performed.

Related reports
Only eight cases of hepatic inflammatory angiomyolipoma, seven cases of spontaneously ruptured hepatic angiomyolipoma and a few cases of granulomatous reactions against lipiodol have appeared in the literature in English.

Term explanation 
Hepatic angiomyolipoma is a rare benign neoplasm having myomatous and lipomatous differentiation and melanogenesis. Its inflammatory variant is extremely rare.

Experiences and lessons
This report provides valuable experience of hepatic inflammatory angiomyolipoma involving spontaneous rupture and granulomatous reaction due to chemoembolization. We believe present case would be useful reference for the pathologists or clinicians who encounter similar case.

Peer-review
This is a well written case series and literature review. Although the pathological features were well described and literatures were reviewed completely, details of CT manifestations were not well revealed.
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Figure 1 Computed tomography. A: Contrast-enhanced abdominal CT on admission. Subcapsular hematoma at the left lobe of the liver and hemorrhagic ascites around the spleen were observed. The mass-like lesion measuring approximately 1.5 cm is also visible at segment 2 of the liver adjacent to the simple hepatic cyst (arrow). Inset: CT taken two months after onset. The nodule was highly enhanced by contrast medium in the early phase; B: The cut section of the nodule. A well-demarcated brown to whitish solid mass lesion measuring 2.5 cm in diameter was observed. A simple hepatic cyst was adjacent to the nodule. Inset: loupe image of the nodule (HE). CT: Computed tomography.


Figure 2 Histopathological features of the nodule. A: The nodule contained numerous inflammatory cells. Thick-walled abnormal arteries were observed peripheral to and inside of the nodule [hematoxylin and eosin (HE),  40]; B: Epithelioid granulomatous features were frequently observed in the nodule (HE,  200); C: Some of the multinucleated giant cells contained amorphous material (HE,  400); D: The amorphous material was positively stained by Oil Red O staining (Oil Red O staining,  400); E: Among the infiltrating inflammatory cells, spindled, histiocytoid or myoid tumor cells with eosinophilic cytoplasm and oval-shaped atypical nuclei with distinct nucleoli were found (HE,  400).

 

Figure 3 Histopathological features of the background liver. A: Bridging fibrosis was not observed (HE,  40); B: Many epithelioid granulomas were observed in portal tracts in the surrounding background liver (HE,  100); C: Granulomas were also observed in the intima of some hepatic arteries (HE,  100); D: Inflammatory granulation tissue containing hemosiderin-laden macrophages and old blood coagula which were consistent with a previous rupture and hemorrhage were observed adjacent to the nodule (HE,  100).





Figure 4 Findings of immunohistochemistry. A: Immunohistochemistry for melan-A ( 400). The tumor cells diffusely expressed melan A; B: Immunohistochemistry for HMB45 ( 400). The tumor cells focally expressed HMB45; C: Few tumor cells weakly expressed alpha-SMA ( 400); D: Many IgG4-positive plasma cells were observed in the nodule ( 200).
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	Table 1 Summary of previously reported hepatic inflammatory angiomyolipoma and ruptured hepatic angiomyolipoma in the literature in English

	　
	Age
	Sex
	Size /location
	Signs of TSC
	Clinical diagnosis
	Melanocytic markers
	Symptom/onset
	Treatment
	Follow up after surgery

	Previous cases of hepatic inflammatory AML (n = 8)[5-8] 
	41.3 (mean)
21-63 (range)
	Male: 1
Female: 7
	6.5 cm (mean)
3-10 cm (range)
Lt. lobe: 5
Rt. lobe: 3
	None (all cases)
	IPT (by biopsy): 1
Mass lesion (without biopsy): 7
	HMB 45 (+/-): 8/0
Melan A (+/-): 5/2
	Pyrexia: 2
Hepatic mass: 4
Abdominal discomfort: 2 
	Elective resection (all cases)
	All cases alive with no recurrence (follow up: 2-7 yr)

	Previous cases of ruptured hepatic AML (n = 7) [3,15-20]
	45.1 (mean)
22-74 (range)
NA: 1 
	Male: 3
Female: 3
NA: 1 
	7.9 cm (mean)
5-10.5 cm (range)
Lt. lobe: 2
Rt. lobe: 5
	Present: 1
None: 6
	Hepatic tumor: 4
Lipomatous tumor: 1
Hemangioma: 1
Hepatic AML: 1
	HMB 45 (+): 2
Melan A (+): 1
NA (HMB 45): 5
NA (Melan A): 6
	Hemorrhagic shock: 2
Upper abdominal pain: 3
Unkown:2
	Emergent resection: 3
Emergent laparotomy for hemostasis: 2
Elective resection after emergent laparotomy for hemostasis: 1
Elective resection after TAE: 1
	Alive with no recurrence:1 (follow up: 2 yr)

NA: 6

	Present case
	77
	Female
	2.5 cm　Lt. lobe
	None
	HCC (without biopsy)
	HMB 45: +
Melan A: +
	Hemorrhagic shock
	Elective resection after TAE
	Alive with no recurrence (3 yr)

	TSC: Tuberous sclerosis complex; IPT: Inflammatory pseudotumor; HCC: Hepatocellular carcinoma; NA: Not available.
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