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Abstract
Hepatocellular adenomas (HCA) are rare benign liver tumors. Recent technological advancements have helped in the early identification of such lesions. However, precise diagnosis of hepatocellular incidentalomas remains challenging. Studies at the molecular level have provided new insights into the genetics and pathophysiology of these lesions. These in turn have raised questions over their existing management modalities. However, the rarity of the tumor still restricts the quality of evidence available for current recommendations and guidelines. This article provides a comprehensive review on the etiology, molecular biology, patho-physiology, clinical manifestations, and complications associated with HCA. It also elaborates on the genetic advancements, existing diagnostic tools and current guidelines for management for such lesions.
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Core tip: Hepatocellular adenomas despite being benign liver neoplasms often pose diagnostic and therapeutic challenges. Studies at the molecular level have provided new insights into the genetics and pathophysiology of these lesions. These in turn have raised questions over their existing management modalities. This article provides a comprehensive review and update on the topic.
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INTRODUCTION
Hepatocellular adenomas (HCA) are rare monoclonal benign liver tumors of presumable epithelial origin that usually develops in healthy liver. It constitutes 2% of all liver neoplasms; with an incidence of 3/1000000 per year in Europe and North America[1]. In spite of recent technological and radiological advances, these seemingly benign lesions often pose diagnostic challenges. The advancements at molecular levels that predict the clinical courses of these lesions on the basis of their genotypic and phenotypic characteristics have further complicated the management of such lesions.

ETIOLOGY AND PRESENTATION 
The true prevalence of hepatocellular adenoma is not easy to access as uncomplicated adenomas often lack symptoms. Often they are encountered as incidental findings in patients undergoing radiological work up for unrelated or non-specific symptoms. Majority (70% to 80%) of HCA are solitary, and are usually located in the right liver lobe[2]. They vary in size from 1 to 30 cm. Patients with larger tumors are more likely to report with symptoms such as vague abdominal pain. A palpable intra-abdominal mass or enlarged liver may be noted in < 30% of the cases[2]. Jaundice if present is usually due to pressure effect of the tumor on intrahepatice biliary system. Elevation levels of gamma glutamyl transferase and alkaline phosphatase may be noted in some patients. High serum alpha-fetoprotein should raise suspicion for malignant changes. Hemorrhage and malignant transformation remain the most notorious complications associated with these lesions. Bleeding from a ruptured HCA is more anticipated with large sub capsular lesions, particularly during pregnancy.
With the widespread use of oral contraceptives (OCPs) in the 70’s the annual incidence of HCAs had reached approximately 3-4 women per 100000 users[3]. Over the years, a reduction in drug potency has reduced their frequency to about 1/100000. In comparison, the annual incidence in women who have never used OCPs is nearly 1/1000000[3]. The role of estrogen in the development of these lesions and its causal relationship has been well established through multiple studies. The natural history of HCAs closely corresponds with the dose and duration of oral contraceptive used. HCAs tend to regress with the withdrawal of estrogen therapy. However those that don’t regress can be explained by the variable expression of estrogen receptors (26%-73%) in these lesions. Recent reports have noted epidemiological differences in HCA patients between East and West. The female preponderance and degree of association with oral contraceptive use was reportedly absent in the Eastern population[4].
Similar to OCPs, use of anabolic steroids predisposes the emergence and growth of HCA, as well as, tends to regress with their withdrawal. Anabolic steroids are used primarily for the treatment of Fanconi syndrome, impotence, to gain muscle mass and in transsexuals. In general, adenomas secondary to exogenous hormone therapy are single, large and encapsulated. In addition to exogenous hormone therapy, high levels of endogenous androgens or estrogens puts both sexes at risk of developing HCA.
Type I and Type III Glycogen storage diseases (GSD) result in impaired glycogenesis and excessive hepatic intracellular glycogen deposits. Both are inherited autosomal recessive disorders. HCAs are seen in nearly 22%-75% of patients with Type I disease compared to 4.4%-25% of the patients with Type III disease[5]. They usually occur in second decade, with a higher proportion among males (2:1). They are typically small, multiple and un-encapsulated. Type I GSD is usually associated with inflammatory subtype of HCA[6]. The possibility of malignant conversion is minimal in Type III as compared to nearly 10% in Type I GSD[5]. Disease regression has been noted in patients adhering to specific diet (continuous nocturnal feeding) with correction of insulin, glucose, and glucagon levels[7]
In the western population, obesity and related metabolic syndrome manifestations such as diabetes mellitus, insulin resistance, dyslipidemia and high blood pressure are becoming increasingly postulated as risk factors for development and progression of HCA[8]. Men with metabolic syndrome are at a much higher risk (10 times more likely than females) for malignant transformation[9]. 

 GENETICS AND PATHOPHYSIOLOGY
Advancements in molecular biology have enabled classification of hepatic adenomas into 4 major subgroups based on genotypic and phenotypic characteristics[10]: (1) Adenomas inactivated for hepatocyte nuclear factor 1α (HNF1α): They account for 35%-50% of HCA’s and are considered the least likely to undergo malignant transformation (15%)[10,12]. This subtype involves biallelic inactivation of TCF1 gene[11]. Mutations are predominantly somatic (85%) with remaining 15% being in part somatic and in part hereditary. It is associated with marked steatosis, metabolic disease and absence of liver fatty acid binding protein expression. These also lack cytologic abnormalities or inflammatory infiltrates[10,12]; (2) β-catenin activated adenomas (β-HCA): These mutations account for 15%-18% of HCA’s and is highly correlated with malignant transformation into hepatocellular carcinoma[10,12]. CTNNB1gene alterations, Exon 3 deletions and changes in amino acid chain mostly characterize these mutations. Their development has been linked to male sex, androgenic hormone administration or glycogenesis. These mutated liver cell adenomas overexpress β-catenin (nuclear and cytoplasmic) and glutamine synthetase. They have cytoplasmic changes and lower rates of steatosis; (3) Inflammatory adenomas (IHCAs): These represent the most common subtype (40%-55%). Hepatocellular proliferations noted in these lesions are secondary to sustained activation of janus kinase (involved in the JAK-STAT pathway). It is characterized by inflammatory changes such as sinusoidal dilatation, dystrophic arteries and dystrophic vessel ductular reaction and immunohistochemically positivity for serum amyloid A and C reactive protein[13]. It is more common in females on OCPs, but has also been associated with obesity and alcohol abuse. Telangiectatic hepatocellular adenoma (THCA) which was once referred as telangiectatic focal nodular hyperplasia has now been reclassified under inflammatory HCA. 10% of these HCAs have been reported to harbour mutations in the β-catenin gene are hence also at danger of malignant changes; and (4) Unclassified Adenomas: The unclassified type (< 10%) includes patients whose tumors did not exhibit genetic or inflammatory diseases[13]. It usually is a diagnosis of exclusion.
Several other genetic markers are being studied to clarify their roles in the pathogenesis of hepatic adenomas. These include micro RNAs (miR-224, miR-122a, miR-107, miR-375), tumor suppressor proteins (p16INK4a, p14ARF), APC gene and Interleukin-6–Gp130 signaling pathway[14].

DIAGNOSIS AND ROLE OF IMAGING
Accurate diagnosis of HCA is sometimes not feasible with a single diagnostic study. Often the clinical setting is combined with imaging studies and/or surgical resection to enable a comprehensive diagnosis. When lesions do not exhibit typical radiological features characteristic for an adenoma, a definitive diagnosis is impractical; it can be, at most, strongly suspected. The definitive diagnosis then demands tissue examination either by biopsy or resection. Herman et al[15] reported a radiological diagnostic yield of 90% for HCA vs 77% for FNH. 
Percutaneous biopsy of a suspected liver adenoma is not favored as this can induce bleeding and tumor dissemination. Further, it is often inaccurate and absence of abnormal tissue does not exclude malignancy. Charny et al[16] in his study reported about 33% accuracy rate for biopsies taken for suspicious liver lesions. Biopsy should be considered only if imaging is inconclusive and a biopsy would possibly bring about a change in management. With advancement at the molecular level, the role of preoperative biopsy could influence management of adenomas in the future to a greater degree based on their genetic pathophysiological outcome[17]. In the near future, the molecular biology of the tumor might guide management of such lesions.
Open/laparoscopic excision biopsy remains the gold standard method for diagnosis[1]. However, this modality is only used if there are doubts regarding the diagnosis after MRI and/or percutaneous biopsy. A common dilemma is the differentiation of an adenoma from focal nodular hyperplasia (FNH) and well differentiated hepatocellular carcinoma. Considering varying management strategies for the several liver lesions, the implications of a prompt and accurate diagnosis cannot be emphasized more.
Accurate tissue diagnosis may at times be tricky and challenging. Incorporating more recent tissue studies such as QBend 10- and erbB2-immunostaining, comparative genomic in situ hybridization, and fluorescence in-situ hybridization may help overcome this issue[18-21]. Microscopically adenomas typically appear as monotonous sheets of hepatocytes, which lack biliary structures, dysplasia or fibrosis.

Ultrasound
The sonographic features of HCAs lack specificity and could mimic other benign or malignant liver lesions[22]. Adenomas may appear well-demarcated and present as iso echoic, hypo echoic (20%-40%), or hyper echoic in up to 30%, often due to high lipid content of hepatocytes[22,23]. Central necrosis, intratumoral bleeding and calcifications may give rise to heterogeneous echogenicity. Necrosis may appear as hyperechoic areas with acoustic shadows. Focal fat sparing usually appear as a hypo echoic halo. Color Doppler may show the presence of intra tumoral vessels and peri lesional sinusoids in the absence of a central arterial signal, which can aid in distinguishing HCA from FNH[23]. Contrast-enhanced ultrasonography, when available can augment ultrasonic diagnosis.

Computed tomography 
Multi-phase computed tomography (CT) angiography enables dynamic sequencing by obtaining images during both contrast and non-contrast phases. HCA characteristically shows early phase peripheral contrast enhancement and subsequent centripetal contrast enhancement during the portal venous phase[23,24]. Adenomas are typically well-demarcated and are isodense on non-contrast images. Post contrast, the lesion may become isodense and then hypodense. They are often heterogeneous due to hemorrhage, necrosis and fibrosis. Previous hemorrhagic areas may appear as calcifications in less than 10% of cases[24]. 

Magnetic resonance imaging 
Most adenomas are heterogeneous on both T1 and T2 weighted sequences. Presence of enhanced T2 weight images that further enhance on gadolinium administration is highly characteristic of HCA[25]. Studies of late have tried to characterize these lesions into its four genotypic types based on magnetic resonance imaging (MRI) features. However their specificity is debatable, owing to the highly variable appearance of HCA. In comparison to the existing gadolinium-based contrast agents for MRI, gadobenate dimeglumine or gadoxetate disodium enhanced liver MRI [hepatobiliary specific contrast agents] have both renal and hepatobiliary clearance. Owing to variable contrast uptake observed in hepatobiliary phase, HCA (being hypointense) can be differentiated from FNH (being iso- or hyperintense on delayed imaging)[25].

Isotope scanning (Technetium Tc-99m sulfur colloid) 
HCAs usually have very few to no Kupffer cells, which are mostly nonfunctional. Hence most adenomas do not take up technetium Tc-99m sulfur colloid leaving a “cold” spot in the liver[26]. However upto 23% of adenomas take up colloid uptake, making them indistinguishable from FNH (vivid tracer uptake).

Angiography 
This modality is sparingly used to diagnose hepatic adenomas. HCAs demonstrate pattern of perfusion starting at the periphery in contrast to the central vessel seen in FNH[23]. However necrosis and hemorrhage within the HCA may make these features less obvious.

COMPLICATIONS
Rupture/bleeding – How to deal?
Of all the complications associated with HCAs, bleeding is most common. Adenomas morphologically consist of dilated sinusoids, thin-walled blood vessels with minimal connective tissue support[1]. These compounded by the high pressure arterial flow and lack of substantial fibrous capsule make them prone to bleed. More recent studies have associated pregnancy, adenoma size > 3.5 cm, visualization of lesional arteries, left lateral lobe location, and exophytic growth as risk factors for spontaneous bleeding[27].
Bleeding can be subclassified as intra-tumoral, intra-hepatic or extra-hepatic (hemoperitoneum). The risk of spontaneous bleeding in HCA is ill-defined; however the reported rates range between 20% and 40%[1]. Bleeding in most cases are contained and < 10% report with life threatening hemodynamic instability. Intratumoral bleeding accounts for most patients who present with abdominal pain. 
Over the past few decades, management of bleeding adenomas has changed drastically. Earlier, the threshold for emergency laparotomy and hepatic resection was very low, however with poor outcomes. Now, the trend is for a multidisciplinary approach to such events. Management of such patients is often dictated by the severity of the bleeding and hemodynamic status of the patient. Options include emergency resection, resection post hemodynamic stabilization or a delayed resection. 
Emergency resection of ruptured hepatic adenomas is associated with a mortality of 5% to 10%, which drops to 1% when resection is elective[28]. With the development of minimally invasive locoregional treatments, selective arterial embolisation has increasingly been applied as initial treatment[29]. Apart from reducing mortality, this therapy facilitates hemodynamic stabilization and reduces extent of definitive elective resection.
Patients who present with hemodynamic instability secondary to ruptured HCA carry mortality risk of up to 20%. Severe hemodynamic instability or failure of interventional radiology may warrant emergency laparotomy for damage control and control of hemorrhage. Emergency hepatic resection in this setting is often debated with opponents of this advocating time for hematoma to resorb before undertaking formal resection[30].

Malignant transformation
The precise risk of HCA transforming into carcinoma is little known. Stoot et al[31] in a systematic review noted an overall risk of transformation to hepatocellular carcinoma to be 4.2%. Prolonged use of exogenous steroid therapy, male gender, increasing size, Type I GSD, and adenomas harboring β-catenin mutations are high risk factors for malignant transformation[12,32]. Elevated α-fetoprotein levels may raise suspicion for malignant conversion; however serve as poor indicators of tumor progression.
There is considerable debate on the pathophysiology and genetics involved in hepatocellular carcinoma (HCC) arising from hepatic adenomas. Histopathologic evidence of HCCs occurring within regions of otherwise typical adenomas and molecular level evidence of the same nucleotide mutation of β-catenin in the adenoma and HCC part the adenoma supports adenoma-carcinoma sequence hypothesis[12,33,34]. This is further reinforced by the idea of “foci of dysplasia” within hepatic adenoma. A focus of dysplasia once developed in a hepatocellular adenoma is debated to invariably progress into transformation to HCC[14]. This is reasoned through inability to prevent development of HCC in patients with hepatic adenoma secondary to prolonged exogenous hormone therapy inspite of discontinuation of offending agent[33]. 
Genomic studies have revealed chromosomal aberrations [loss of heterozygosity (LOH) for M6P/IGFRII receptor, LOH in hMLH1] in both HCA and HCC[35,36]. However these aberrations are to a lesser degree in HCA compared to HCC. Scientists are still in search of the initial critical genetic event involved in malignant transformation. There is also little evidence to prove a common origin of HCA and HCC from same stem cells or committed progenitor cells[14].

MANAGEMENT
Owing to inconclusiveness in imaging, possible lethal complications that included bleeding, malignant transformation and the long term disease free guarantee that surgery offers; surgeons of the past classically preferred to operate on all hepatic adenomas. Recent advancements in molecular biology has substantially increased our understanding on pathophysiology of the disease. With greater technological expertise and development of surgical techniques, current surgeons have a more comprehensive outlook towards the management of such tumors (Figure 1). However, the rarity of the tumor has still restricted the quality of evidence available for current recommendations and guidelines.
Management options for HCA include surgery for: (1) all adenomas larger than five cm; (2) adenomas harboring HCC or dysplastic foci; (3) β-catenin activated HCA; (4) increasing size or imaging features of malignant transformation; (5) rising AFP; (6) HCA in males; and (7) HCA in GSD[14]. Minimally invasive options including laparoscopic liver resection has been proven to safe with equivalent or superior outcome when compared to open procedures[37]. However, this approach in anatomically unfavorable segments 7 and 8 need high technical expertise and control.
Adenomas that are < 5 cm, which present in anatomically challenging locations and those that undergo regression on steroid withdrawal can be managed conservatively[38]. All adenoma patients (surgical and nonsurgical candidates) who consume exogenous hormone therapy should be advised to discontinue their use. Malignant transformation has been reported infrequently in adenomas < 3.5 cm and in tumors that have regressed in size over time. Hence such lesions treated conservatively needs to be followed closely with imaging (CT/MRI) at 6- to 12-mo intervals for first two years. Following this, annual imaging may be modulated based on lesion stability and growth patterns[38]. The role of AFP in surveillance is still not established.
The role of selective arterial embolization in management of HCA is not very clear. However, multifocal lesions or those deemed un-resectable due to their location may be managed by such interventional radiology techniques[39]. Further, embolization may enable possibility of elective hepatic resection in cases of bleeding HCAs[34]. The role of preoperative embolization to facilitate safe hepatic resection in very large or hyper vascular adenomas is still controversial. Radiofrequency ablation might be useful in cases not amenable to surgery or in patients who would require major hepatic resection otherwise[40]. However, large sizes of adenomas may demand multiple sessions of the same.
Liver transplantation should be reserved for patients in whom hepatic resection is not technically feasible due to tumor size/location/recurrence/multiplicity and those with adenomatosis or glycogen storage disease. Owing to the complexities associated with liver transplantation, this mode of management should be used as sparingly as possible; when all other modalities of treatment may fail to provide cure. The use of liver transplantation for spontaneous intra-partum rupture of a hepatocellular adenoma has been reported in literature[41].
Pregnancy poses a varied challenge in the management of HCAs. An increased level of endogenous hormones during pregnancy has been postulated towards the increase in size of adenomas during pregnancy. Pregnancy induced hyper dynamic circulation combined with increased liver vascularity may further increase the risk of adenoma rupture, most seen in the third trimester[42]. In the past, owing to high maternal and fetal mortality rates (44% and 38% respectively), fertile females with HCA were discouraged from pregnancy[42]. However, of late due to increased awareness of the disease entity and better imaging modalities, pregnancy associated morbidities and mortalities have been greatly reduced. 
Pregnancy is no longer a contraindication in hepatocellular adenoma < 5 cm[43]. All fertile females with adenomas, aspiring pregnancy should discontinue use of exogenous hormone therapy if any. Some still advocate resection for these lesions before pregnancy. However, the present trend is to allow conservative management of these smaller lesions with ultrasound monitoring of the adenoma every 6 weeks. However those with adenomas > 5 cm or those who experienced adenoma related complications in previous pregnancies should undergo resection prior to pregnancy. Radiofrequency ablation or embolization might be useful in cases not amenable to surgery[39,40].
Adenomas > 5 cm detected incidentally during pregnancy often calls for an individualized approach. Surgery is most tolerated during second trimester, during which the risks to the mother and the fetus are minimized. Radiofrequency ablation during pregnancy has been described before in literature during first and second trimesters[44]. However their safety and efficacy still needs to be proven. Angioembolisation during pregnancy is questionable owing to the radiation risk to the fetus early in pregnancy. Their use during various trimesters of pregnancy warrants extensive studies before conclusion can be drawn.

LIVER CELL ADENOMATOSIS
Flejou et al[45] in 1985 was the first to propose adenomatosis as a varied clinical entity from HCA. Liver cell adenomatosis is characterized by the presence of multiple adenomas (> 10), involving both lobes of the liver, in absence of glycogen storage disease or exogenous hormone therapy. They account for 10%-24% patients with HCA. Histologic and radiologic features of these lesions are identical to that in adenomas. These lesions however have a higher risk of impaired liver function and bleeding. Flejou et al[45] reported bleeding in 46% of patients in his series. Malignant degeneration risk however does not correspondingly increase with the number of lesions. Chiche et al[46] proposed two different lesion patterns found in liver cell adenomatosis – “massive” and “multifocal”. Lesions in massive type tend to be larger (2 to 10 cm) and often result in gross hepatomegaly with deformed liver contour. In comparison, the multifocal type has smaller lesions (≤ 4 cm) and rarely deform liver contour[1]. The lesions in massive type tend to progress fast and are more likely to be symptomatic.
Management for these lesions remains challenging. The extensive distribution of these lesions in both lobes makes anatomical/non-anatomical hepatic resection impractical. All females should discontinue use of exogenous hormone therapy and avoid future pregnancies. The massive variant of this disease with predominant large lesions (> 5 cm) in a single lobe may warrant hemi hepatectomy. The role for radiofrequency ablation or embolization in these patients is debatable[40]. 
Liver transplantation presents the lone potential curative measure for these lesions. Evidence of malignant transformation or symptomatic patients with recurrent adenoma complications warrants transplantation[45]. However transplantation in turn increases the risk of de-novo tumors in addition to other complications that include peri-operative morbidities, infections, graft rejection and renal failure[47,48]. Owing to the rarity of the disease entity and lack of substantial clinical evidence, the effectiveness of transplantation is still controversial. Considering the complexities associated with transplantation, the trend of late is to treat such lesions conservatively. Such patients are to be followed on a regular basis with imaging to identify growth patterns and malignant transformation.

CONCLUSION
HCA despite being benign liver neoplasms often pose diagnostic and therapeutic challenges. Further characterization of the genetics and pathophysiology of such lesions and their radiological correlations may trigger changes in the existing management guidelines. We believe larger prospective studies that focus on the management of hepatic adenomas can aid overcome the current short-comings on the quality of evidence available.
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Figure 1 Indications of surgical and conservative approach in management of hepatocellular adenomas. HCC: Hepatocellular carcinoma; GSD: Glycogen storage diseases; AFP: Alpha fetoprotein.
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