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Abstract
Primary liver cancers carry significant morbidity and mortality. Hepatocellular carcinoma (HCC) develops within the hepatic parenchyma and is the most common malignancy originating from the liver. Although 80% of HCCs develop within background cirrhosis, 20% may arise in a non-cirrhotic milieu and are referred to non-cirrhotic-HCC (NCHCC). NCHCC is often diagnosed late due to lack of surveillance. In addition, the rising prevalence of non-alcoholic fatty liver disease and diabetes mellitus have increased the risk of developing HCC on non-cirrhotic patients. Viral infections such as chronic Hepatitis B and less often chronic hepatitis C with advance fibrosis are associated with NCHCC. NCHCC individuals may have Hepatitis B core antibodies and occult HBV infection, signifying the role of Hepatitis B infection in NCHCC. Given the effectiveness of current antiviral therapies, surgical techniques and locoregional treatment options, nowadays such patients have more options and potential for cure. However, these lesions need early identification with diagnostic models and multiple surveillance strategies to improve overall outcomes. Better understanding of the NCHCC risk factors, tumorigenesis, diagnostic tools and treatment options are critical to improving prognosis and overall outcomes on these patients. In this review, we aim to discuss NCHCC epidemiology, risk factors, and pathogenesis, and elaborate on NCHCC diagnosis and treatment strategies. 
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Core Tip: Non-cirrhotic hepatocellular carcinoma (HCC) accounts for 20% of reported HCCs. Such tumors are typically diagnosed late, compromising the outcome. The discovery of direct antivirals, loco-regional treatments and systemic novel immune-chemotherapies, along with advancements of complex hepatobiliary surgery, and the genesis of transplant oncology have revolutionized the management of these aggressive primary liver tumors. Coordinated care at tertiary high-volume HCC, preferably liver transplant centers, remains critical. It is time the stakeholders pursued a consensus approach in developing universal HCC surveillance and treatment strategies on non-cirrhotic patients at risk, such as patients with non-alcoholic steatohepatitis and/or patients with advanced fibrosis.

INTRODUCTION
[bookmark: _Hlk72182213]Primary liver cancer originates from the liver parenchyma, the bile ducts or both. Worldwide, as per 2018 statistics, primary liver cancer is the second most lethal cancer (only next to pancreatic cancer), fourth leading cause of cancer-related mortality and the sixth most frequently diagnosed with an incidence of 841000 cases per year[1]. Hepatocellular carcinoma (HCC) is the most common primary malignant tumor (90%) originating from the liver[2]. HCC commonly develops within a background of chronic liver disease, characterized by progressive hepatic fibrosis, loss of architecture and formation of regenerative nodules (cirrhosis). This is referred to as cirrhotic-HCC and is present in the majority of the cases (80%). However, 20% of HCC cases develop on a non-cirrhotic background, and therefore referred to as non-cirrhotic-HCC (NCHCC)[3]. Fibrolamellar HCC, angiosarcoma, lymphoma, embryonic sarcoma are other non-cirrhotic liver malignancies, but are rare in occurrence. Due to the lack of surveillance strategies, NCHCC is often diagnosed late, leading to poor prognosis[4,5]. 
NCHCC risk factors include alcoholic liver disease, non-alcoholic fatty liver disease (NAFLD), hepatitis B [hepatitis B virus, (HBV)], hepatitis C [hepatitis C virus (HCV)], hepatitis D virus, tobacco abuse, diabetes mellitus, genetic factors and environmental toxins. Among these, NAFLD and viral hepatitis (HBV and HCV) have been the most common. Given the obesity pandemic, NAFLD burden on the health systems has been expanding. Chronic HBV can be associated with high viral loads, hepatitis D coinfection, prolonged replication phase, concomitant tobacco use and alcohol intake, which can predispose to NCHCC pathogenesis. Similarly, chronic HCV can be associated with carcinogenesis due to multiple gene products development during viremia, altered cell cycle resulting in NCHCC. Further, this risk can continue even after eradication of HCV. It is critical to understand the underlying mechanisms associated with chronic viral hepatitis leading to NCHCC. A comprehensive strategy is needed for surveillance, diagnosis, and management of these tumors[6]. 
In this review, we discuss NCHCC epidemiology, risk factors, and pathogenesis, and elaborate on NCHCC diagnosis and treatment strategies. 

METHODS
An online search was performed using databases PubMed/Medline, EMBASE, Cochrane, Web of Science and CINAHL from January 1, 2000 to January 1, 2021 to identify published reports on HCC in chronic viral hepatitis without cirrhosis. We used following search terms- “carcinoma, hepatocellular” or “cancer, hepatocellular” and ”viral hepatitis” and “HBV” and “HCV” excluding “liver cirrhosis.” This resulted in 705 published reports. With use of filters (human species and English language), 648 published reports were obtained. After removing articles not relevant/duplicates/non-English language including a manual search, 677 published articles were reviewed. 

EPIDEMIOLOGY
[bookmark: _Hlk72182048]HCC is the most common primary liver cancer and a leading cause of cancer-related deaths[5]. HCC-related deaths have been increasing globally. In the United States, in 2001-2006, average HCC incidence increased from 2.7 (2001) per 100,000 to 3.2 per 100,000 (2006)[7]. During this time, HCC was considered ninth leading cause of cancer death. From 2011-2014, mortality from HCC increased by 2.7%[8]. Geographically, HCC is 72% in Asia[9]. World’s highest incidence is noted in Mongolia with an incidence of 93.7 per 100,000[1]. Racial and ethnic variations are present in HCC with Asian/Pacific Islands, Blacks, Native Americans having a higher prevalence compared to whites[7,10]. 
Up to 20% of HCC can grow in a non-cirrhotic liver[11]. While HCC shows a unimodal distribution with peak at the seventh decade of life, NCHCC shows bimodal age distribution, with peaks at second and seventh decade of life[11,12]. This could be related to HBV infection at birth and during adult life[13]. Fibrolamellar HCC is commonly seen in younger adults (second and third decades of life). Male to female ratio is 3:2 in HCC vs 1.3-2:1 for NCHCC[14]. Fibrolamellar HCC does not show any sex predilection. Contrary to HCC which is seen frequently in Asians, prevalence of fibrolamellar HCC is higher in Europe and North America[15]. Shim et al[16] reported that in Korea, prevalence of HBV infection among NCHCC can range up to 77%. NCHCC individuals, even without active HBV infection, can have antibodies against HBV core (indicative of prior HBV infection) and occult HBV infection [HBV DNA in the liver/blood without hepatitis B surface antigen (HBsAg)], signifying the role of HBV infection in NCHCC[16]. Despite the disappearance of HBV antigen (with treatment or spontaneous regression), some patients continue to be at risk of developing HCC[17]. 

NON-VIRAL RISK FACTORS FOR NCHCC
Obesity, overweight, and diabetes mellitus are considered NCHCC risk factors. Fatty liver disease can lead to inflammation and hepatocellular carcinogenesis (Table 1)[18]. Tumor suppressor gene dysregulation plays an important role in steatosis development, hepatocyte injury, and NCHCC tumorigenesis[4,19]. Increased tumor necrosis factor-alfa, interleukin-6, leptin, resistin and decreased adiponectin contribute to carcinogenesis in non-cirrhotic livers[20]. Recently, Sydor et al[21] reported an association with gut microbiota and primary conjugated bile acid composition in CHCC and NCHCC carcinogenesis among NASH patients[21]. Microbiota-associated changes in bile acid homeostasis and farnesoid X receptor signaling via fibroblast growth factor-19 might contribute to the tumorigenesis in these patients[21]. Given the promising results obtained from direct-acting antiviral (DAA) agents in the treatment of HCV, metabolic syndrome and NAFLD will likely predominate and may become the leading risk factor for the pathogenesis of HCC and NCHCC. 
Other risk factors include toxin exposure (alcohol, aflatoxin B1, industrial agents, genotoxins, anabolic steroids, iron excess)[22-25], genetic conditions, such as Wilson’s disease, glycogen storage disease, Alpha-1 antitrypsin deficiency, hereditary hemochromatosis, acute hepatic porphyria’s, hypercitrullinemia, Budd-Chiari syndrome, nodular regenerative hyperplasia[26-30], and germline mutations (telomerase reverse transcriptase gene mutation is the most commonly described mutation in NCHCC)[31]. Excess alcohol intake may play a role in NCHCC carcinogenesis[32]. Studies reported that prevalence of alcohol abuse among patients with NCHCC range up to 12%-21%[4,11,33,34]. If alcohol leads to significant inflammation with or without fibrosis in these NCHCC is unclear. Further, a synergism with other risk factors, such as viral hepatitis and metabolic syndrome could likely play a role in hepatic carcinogenesis.

VIRAL RISK FACTORS FOR NCHCC
Hepatotropic viral infections such as HBV and less often HCV are major contributors to NCHCC. Hepatitis D can cause coinfection with HBV and lead to high risk of HCC compared to HBV alone [odds ratio (OD) 1.28, 95% confidence interval (CI) 1.05-1.57][35]. Few studies report hepatitis E may affect chronic HBV infection as they already have compromised liver function[36,37]. If similar risk exists for NCHCC is unclear. Additionally, NCHCC can exhibit more genomic variants, suggestive of a separate tumor biology in these patients[38,39]. Further, HBV-human immunodeficiency virus (HIV) coinfection has been reported to cause higher risk of HCC (OD 7.1, 95%CI: 2.8-17.9)[40].

HBV AND NON-CIRRHOTIC HCC CARCINOGENESIS 
HBV virus is a DNA virus (Figure 1), a member of the Hepadnaviridae family. It is composed of viral core [nucleocapsid, HBV core antigen (HBcAg) and DNA polymerase] and surface [formed by surface antigen (HBsAg)]. The genes coding for HBcAg code for HBV e antigen (HBeAg). Worldwide, there are 292 million people living with chronic HBV, with 2.2 million reported in the United States[41,42]. HBV (+/- HDV) associated HCC is more common in low and middle socio-economic population. Chronic HBV coinfection can been seen with HDV and/ or HCV.
Ten genotype variants (A to J) are known for HBV of which genotype B and C are highly relevant to HCC development[43]. In general, patients with genotype B have lower risk of progression towards cirrhosis (due to less active disease and earlier HBeAg seroconversion)[44], compared to genotype C. Few studies from Japan demonstrated that genotype B is more common in younger NCHCC[45]. Some studies suggest that individuals infected with either B or C HBV genotype with high T1762/A1764 basal core promotor mutation have a higher risk of HCC development, especially among non-cirrhotic younger adults (< 50 years)[46,47]. Notably, most of these studies were of Asian origin, known to have higher HBV prevalence compared to the West. Mutations are frequently noticed during HBV replication, due to its lack of proofreading activity during reverse transcription. Girones et al[48] reported that hepadnavirus mutation rate is 100 times higher than other DNA viruses[48]. Thirty percent of these HCC patients have no underlying cirrhosis (NCHCC)[49]. Pooled HCC surveillance adherence is much lower in non-cirrhotics (23%) compared to their cirrhotic counterparts, despite recommendations[50]. This can lead to tumors, which are advanced at the time of diagnosis, limiting treatment options and outcomes. 
Transforming hepatocytes without significant fibrosis or inflammation remains a hallmark of HBV-induced NCHCC[51]. The underlying mechanism remains unclear, even though related to cellular transformation with epigenetic alteration, telomere shortening and instability of the genome system, insertional proto-oncogenes/tumor suppressor mutagenesis, and expression of mutant HBV proteins following integration[52,53]. A variety of factors can predispose HBV positive individuals to develop HCC through either cirrhosis or non-cirrhotic pathways. HBV genome, due to its ability to integrate into the host, can cause genomic instability, disrupting normal regulatory mechanisms. Further, and most interestingly, these mechanisms continue to exist even after seroconversion, due to HBV genome integration. This has been related to HBV highly stable minichromosome and/ or covalently closed circular DNA (HBV cccDNA) which resides inside the hepatocyte nucleus[54]. Tu et al[53] compared HBV integrated sites between tumor and matched non-tumor tissues and found that HCC tumors have higher integration event frequency in coding/promoter regions. In the non-cirrhotic setting, recurrent enhancer II/core HBV promoter integration near telomerase reverse transcriptase, myeloid/lymphoid or mixed leukemia 4 genes cause upregulation of oncogenes during early and late tumorigenesis[53,55]. This is critical for HBV non-cirrhotic carcinogenesis, even after HBV treatment or spontaneous resolution. High viral loads of HBV are independently associated with NCHCC, indicative of genetic transformation of the hepatocytes induced by the HBV[47]. 
Many cellular processes modulate the HBV cccDNA such as histone acetylation, epigenetic modification and activation of signal transduction[56]. These processes could be a target for pharmaceutical agents, however remaining challenges are cccDNA longevity and stability in the host and viremia recurrence once the antiviral therapy is stopped[57]. The host immune response is unable to eliminate infected cells, resulting instead in immune-mediated damage. This can lead to repeat bouts of hepatitis and inflammation-necrosis-proliferation cycles, resulting in production of reaction oxygen species, genetic mutations and carcinogenesis[58]. 
NCHCC individuals are more likely African American (OR 6.8, 95%CI: 2.1-22.4), Asian (OR 11.6, 95%CI 2.63-50.8) or have a family history of HCC (OR 32.9, 95%CI: 3.76-288)[51]. In addition, some of the NCHCC from chronic HBV can have multiple risk factors, such as HCV coinfection, alcohol abuse and cryptogenic etiologies[16]. It has been widely contested that viral infection alone might not be sufficient for carcinogenesis; an interplay of host factors, environment and time are needed for full blown cancer development. This probably explains the variation in HCC prevalence among different population groups, and the protracted timeline for HBV-related tumorigenesis, which may span at least one to two decades of life. 


HCV AND NON-CIRROTIC HCC CARCINOGENESIS
HCV is a part of Flaviviridae family. It is an single-stranded enveloped RNA virus which primarily infects hepatocytes (Figure 2) and targets liver-specific cellular host factors[59]. Precise HCV NCHCC prevalence is unclear. Few reports suggested a possible incidence of up to 10.6%[60].  This risk decreases to 4.2% after achieved sustained viral response (SVR)[61]. Few risk factors, such as male sex, advance age (> 60 years), F3 fibrosis, steatosis, elevated ALT at the end of treatment and history of alcohol abuse contribute to this risk.  Furthermore, HCV genotype 3 with steatosis may correlate with HCC[62].
Similar to HBV, successful HCV treatment would not completely eliminate HCC risk, even though risk would be much lower compared to HBV[63]. Attributed risk factors are HCV-genotype 1b[64], viral co-infection infections (HBV, HIV), alcohol or tobacco abuse, and metabolic syndrome. HCV core protein can alter the telomerase activity and immortalize the hepatocytes (along with loss of tumor suppressor function)[65]. Upon hepatocyte entry, the viral RNA undergoes replication and translation in the rough endoplasmic reticulum[66]. This translated product is cleaved by host and viral proteases to form different proteins (core, E1, E2, p7, NS2, NS3, NS4A, NS4B, NS5A, NS5B). Among these, NS3, NS4B, NS5A can induce carcinogenesis coupled with host cellular proteins[65]. Release of reactive oxygen species remains a critical part for HCV-induced HCC. Chronic HCV infection leads to milder liver inflammation, facilitating release of pro-inflammatory cytokines and growth factors, and the generation of inflammation-necrosis-proliferation cycles[67,68]. This is precipitated by increased reactive oxygen species production, mediated by calcium release and high expression of HCV core protein, and cytochrome p450 2E1 oxidase[69]. Decades of this cycles lead to fibrosis, cirrhosis and, eventually HCC. 
Due to the ongoing risk of carcinogenesis despite achieving SVR, active evaluation for non-viral risk factors (co-infection, alcohol, tobacco, fatty liver, and metabolic syndrome) should be performed. Recommendations on the surveillance of non-cirrhotic patients with stage 2 or 3 fibrosis and history of treatment-naïve or SVR HCV infection have been unclear. The American Association for the Study of Liver Diseases do not recommend active surveillance. The European Association of the Study of Liver recommended that surveillance would be useful[70].

VIRAL CO-INFECTION AND HCC
Co-infection of hepatotropic viruses can occur among each other and rarely with other virus infection such as the HIV. Due to identical modes of transmission (contaminated needles, blood and sexual routes), co-infection with viral hepatitis and HIV have been observed in certain populations (sub-Saharan Africa)[71]. Although the rates of infection differ based on region and risk-based groups, 5%-20% of HIV patients could be co-infected with HBV. Further, the rates of morbidity and mortality are significantly higher among HIV and HBV co-infection even after adequate viral suppression[72]. HCV and HIV co-infection, although lower (1%-7%) compared to HBV, can lead to evolution of fibrosis (especially with low CD4 counts) and early onset cirrhosis[73]. Chronic viral hepatitis D, being a defective virus, depends on HBV for propagation and occurs in patients concomitantly infected with HDV and HBV. HDV could infect up to 5%-15% of all HBV carriers[74]. This co-infection can cause severe form of chronic viral hepatitis, with 2-fold risk of mortality and 3-fold risk of cirrhosis[75]. The risk of HCC increased 1.2 fold with this co-infection and even higher (7.1%) with HIV-infection. HDV-associated HCC can be due to oncogenesis induced by impact of viral replication/epigenetic events and abnormal cell methylation processes[76]. Despite these findings, future studies are needed to evaluate the carcinogenesis induced by co-infection and long-term effects in the patients. 

SYMPTOMS AND SIGNS
NCHCC usually presents at late stage, with a large tumor size, extrahepatic metastases, and heavy tumor burden. Symptoms may include malaise, fatigue, weight loss, abdominal pain, gastrointestinal bleeding and distension, even though often patients are asymptomatic[77-79].  

DIAGNOSIS
Imaging
Diagnosis of HCC is mostly performed with non-invasive techniques and rarely histological diagnosis is needed (Table 2). Imaging has replaced histology and conventional angiography[80]. Most of the radiological features of CHCC and NCHCC are similar, except, of course, for the background of cirrhosis among the CHCC patients. Multiple imaging modalities are available, including ultrasound (US), contrast enhanced US, computed tomography (CT), magnetic resonance imaging (MRI), positron emission tomography scan[81], CT-based radiomics nomogram [82,83], and angiography-assisted CT hepatic angiography[84,85]. Classical CT/MRI findings are arterial phase hyper-enhancement (due to hepatic arterial supply of the tumor), followed by portal venous washout. 
Few studies evaluated clinico-radiological characteristics in NCHCC and found that they differ compared to CHCC[86]. Time of contrast washout correlates with histopathological grade in HCC[86]. US is rarely used for diagnosis of the NCHCC due to its non-specific findings, especially for tumors which are less than 2 cm in size, obesity and background of cirrhosis[87]. In rare conditions, such as undifferentiated embryonal sarcoma, ultrasound shows solid component of the tumor (and can exclude purely cystic lesions which are benign)[88]. The sensitivity of US can be significantly limited (up to 21%) due to abdominal fat and obesity; CT/MR is frequently used in these situations[89]. 

Computed tomography
CT is one of the most commonly used modality of imaging for diagnosis of HCC and can be critical in identifying salient features of HCC. Patients with NCHCC can present with large tumor size lesions, solitary mass (with or without satellite lesions)[90]. They can have well-defined margins with mosaic pattern of enhancement, complete capsule and delayed washout on the CT[86]. This in comparison to CHCC which showed smaller lesions, ill-defined margins, heterogeneous enhancement, no capsule and portal venous phase washout (Table 2). Extrahepatic lesions are more commonly noted in NCHCC (20.5%) compared to CHCC (6.5%). Calcifications are rare in HCC, but in fibrolamellar subtype, they can be found up to 70% and can be associated with central scar. 

Magnetic resonance 
MRI imaging is superior and often diagnostic. Although several imaging protocols and contrast media are available, hepatocyte specific contrast media are beneficial for accurate diagnosis in NCHCC. MRI Imaging characteristics of NCHCC can differ from classical CHCC in few important aspects (Table 2). Some of independent predictors that were utilized in prior studies include T1-hypointensity, T2-hypo/hyperintensity, lack of central tumor-enhancement, and satellite lesions. Use of these features improved the sensitivity and specificity of identifying lesions as high as 91% and 98% respectively[91]. Although superior in nature, MRI features can differ. T1 images are mostly hypointense. Degree of tumor differentiation, iron or glycogen, lipid, copper could make the lesion appear hyperintense. Further lipid could be distributed diffusely, which can manifest as signal drop outs on the MRI[92]. The mosaic pattern often seen in the NCHCC may be better seen on MRI compared to CT, due to better soft tissue enhancement. HCCs are mildly hyperintense or isointense compared to the surrounding liver on T2- weighted images. 

Liver biopsy
Histological diagnosis for CHCC is rarely needed due to availability of high quality imaging such as CT and MRI. However, NCHCC often requires biopsy confirmation as the standard LIRADS classification can only be applied in the presence of cirrhosis. If lesions are smaller (< 1 cm) especially in NCHCC with atypical features, it is reasonable to repeat imaging in 6 months or obtain histological diagnosis with a liver biopsy based upon the pretest probably and HCC risk factors. Multiple routes of liver biopsy can tried; percutaneous or endoscopic ultrasound guided[93]. Risk of bleeding, pain, tumor seeding of the needle track should be weighed against obtaining adequate tissue for histological diagnosis[94]. Multidisciplinary team HCC diagnosis and management has now become the standard of care. Multidisciplinary approach can improve the overall care in these patients[95]. 

TREATMENT
Treatment options for NCHCC depend on the etiology, tumor size, extent, vascular invasion, performance status of the individual, and their transplant candidacy (Table 3). Surgery remains the mainstay, if the lesion is resectable. With the introduction of antiviral agents for HCV and HBV, there has been significant improvement on HCC occurrence. Advanced surgical techniques have improved survivability in these patients. In recent years, the implementation of locoregional and novel systemic therapies have been added to the armamentarium of the treatment options in these patients. 

Antiviral therapy
All patients with NCHCC should be evaluated for underlying cause. If HBV or HCV infection is detected, the patient should be offered the option of antiviral treatment. 

HBV 
Entecavir and tenofovir are used as first-line therapies for CHB infection. Multiple risk prediction models have been developed for the study of HCC prevalence in HBV patients[96]. Some of these models include individual prediction model, Chinese University-HCC, Guide with Age, Gender, HBV DNA, Core Promoter Mutation and Cirrhosis-HCC, Risk Estimation for Hepatocellular Carcinoma in Chronic HBV and Nomogram-HCC[97]. Arends et al[98] noted that HCC incidence is lower in patients who have received antiviral therapy, even though it did not eliminate the risk: The reported 5-year cumulative incidence rate of NCHCC was 2.1%. Although both therapeutic agents reduce the risk of HCC, few studies compared their effectiveness. A systematic review reported that tenofovir was associated with lower risk of HCC development [adjusted hazard ratio (HR) 0.81; 95%CI: 0.62-0.85], however the beneficial effect did not reach statistical significance for non-cirrhotic patients (adjusted HR 0.83; 95%CI: 0.51-1.35)[99]. 

HCV
DAA agents have revolutionized HCV care. This in turn, has decreased the risk of HCC on both cirrhotics and non-cirrhotics. Tanaka et al[100] analyzed 5814 patients (5646 SVR and, 168 non-SVR) from Asia and noted that HCC incidence was higher in the non-SVR group (5.26 vs 1.94, P < 0.001). Among the SVR group, in non-cirrhotic SVR patients, baseline alfa fetoprotein of ≥ 10 ng/mL was significant (adjusted HR: 4.26, P = 0.005)[100]. SVR in HCV patients depended on the type of treatment regimen. Few studies showed that these regimens might achieve SVR (especially in genotype-2) at higher rate in non-cirrhotics compared to cirrhotics (98.2% vs 89.4%)[101]

Surgery
Surgical resection remains the mainstay of NCHCC treatment. Survival of these patients is excellent if the lesions are at an early stage[5]. Unfortunately, NCHCC lesions are usually large due to their late diagnosis[102]. Long-term overall survival (OS) after hepatic resection for NCHCC showed an OS rate of 62%-100% (1 year), 46%-78% (3 year) and 30%-64% (5 year)[103,104]. Multiple synchronous lesions, large tumor size, non-clear resection margin, poor tumor staging and lymphatic invasion were indicators of poor prognosis[104]. Subject to the presence of adequate future liver remnant, these patients may undergo repeat resections. Advanced surgical resection modalities, such as non-anatomical (parenchymal sparing liver resections), ex-situ resections along with the application of future liver remnant growth techniques, such as portal venous embolization, two-stage hepatectomies, associating liver partition with portal vein ligation, hepatic venous deprivation with/ without locoregional treatments, have allowed for extended repeat resections on these patients, extending survival. 
Tumor size (> 5 cm), elevated bilirubin levels (> 5.6 mg/L), low platelet count, portal vein thrombus development can predict vascular invasion and prognosis in the patients[105,106]. Few studies in the past debated if tumor size along predicts survival in these patients. Pommergaard et al[39] studied 22787 HCC patients from European Liver Transplant Registry transplanted between 1990 and 2016 and noted that HCC in non-cirrhotic livers had similar overall mortality (adjusted HR 1.11, 95%CI: 0.99-1.25), but higher HCC-specific mortality (adjusted HR 1.62, 95%CI: 1.31-2); perhaps due to a more aggressive biology of the tumors in the non-cirrhotic livers. NCHCC patients were younger, had lower MELD scores and higher risk of microvascular invasion and received more locoregional treatment. Irrespective of the background liver quality, vascular invasion remains critical, underlining the need for early diagnosis and management strategies[107]. 
In the absence of extrahepatic disease or vascular invasion, liver transplantation (LT) has been the gold standard of HCC treatment among cirrhotics based on the Milan criteria, with the number and size of lesions the being the main determinants[108]. If outside Milan criteria, the patients’ lesions may be down-staged under specific guidelines (University of California San Francisco criteria), and then be reassessed for transplantability. On patients beyond the established criteria, novel surgical approaches can be pursued, such as living donor transplantation, split transplantation or the use of marginal grafts, such as donation after circulatory death allografts[109]. On non-cirrhotics, macrovascular invasion and extrahepatic spread are the only recommended exclusion criteria for LT[39]. As per Mazzaferro et al[108] if transplanted within Milan criteria, the four-year actuarial survival is 76%, and the recurrence free survival 83%. The recurrence risk increases if the pre-transplant lesions is higher: 78% recurrence is noted with lesions higher than 8 cm compared to 40% with 4-8 cm lesions[110,111]. Higher NCHCC recurrence may reflect more advanced tumors and multicentric carcinogenesis[39,112]. 

Locoregional therapies 
Locoregional therapies such as radiofrequency ablation or transarterial embolization modalities, have been highly successful in the management of HCC on cirrhotics. However, little has been reported in the non-cirrhotic setting. Wagle et al[79] retrospectively noted ten NCHCC patients with outcomes with LRT and surgery. One patient underwent trans-arterial embolization and three underwent sequential TACE-portal vein embolization. No mortality was noted in these patients and risk-free survival in all these ten patients was 100% at year 1, 62% at year 3 and OS was 100% at year 1, 72% at year 3 and 72% at year 5. These findings indicate the developing role for LRTs for NCHCC and overall improved prognosis. 

Systemic treatment
Systemic therapy with multikinase inhibitors (Sorafenib, regorafenib) and programmed cell death protein 1 inhibitor (nivolumab) have been tried for HCC and extended their use in NCHCC[113].  Sorafenib is effective in advanced HCC and can prolong survival in these patients. However, owing to its adverse events (nausea, excessive fatigue, diarrhea and skin reactions), its widespread use is limited[114]. Use of chemotherapeutic agents such as epirubicin (E), cisplatin (C), 5-fluororuacil (F), capecitabine, docetaxel, GEMOX haven tried in NCHCC and fibrolamellar HCC. Variable responses have noted with these regiments. For instance, epirubicin, cisplatin, capecitabine showed 52% disease control and epirubicin, cisplatin and 5-flurouracil. GEMOX showed complete response in fibrolamellar HCC. Combination therapy such as use of Sorafenib and mammalian target of rapamycin inhibitors[115] has been attempted with one year survival of 82% and five year survival of 33%[116]. New immunotherapy protocols such as atezolizumab-bevacizumab combination has not been studied in NCHCC, however future trials can be expected with these agents in NCHCC[117]. Although these modalities seem promising, further studies are needed to evaluate their role in survivability in NCHCC patients. 

FUTURE RESEARCH DIRECTION 
Improved cross-sectional imaging characteristics are expected to identify NCHCC at an earlier stage and provide increasing treatment options in the future. Survival and recurrence rates in NCHCC have been improving and expected to reach HCC patients with efficacy of antiviral treatment options, living donor liver transplantation, parenchymal sparing liver resection and two stage liver resections. Use of artificial intelligence, deep learning models (convolutional neural network) are being utilized for identification of NCHCC[118]. Messenger RNA (mRNA) is a family of RNA molecules which are involved in coding proteins and convey genetic information. On the contrary, microRNAs (miRNAs) are non-coding molecules (22 nucleotide length) that regulate gene expression especially in post-transcriptional state[119]. Dysregulated miRNA can lead to DNA damage with alter gene expression playing a role in NCHCC tumor pathogenesis. Use of micro RNA and messenger RNA (miRNA-mRNA) networks with bioinformatic analysis and experimental validation are being development for therapeutics for NHCCC[119]. Use of miRNA as a potential serum biomarker for diagnosis, prognostication, survival after liver resection and systemic therapy have been studied[120,121]. Despite these advances, further research on molecular mechanism of mRNA and miRNA regulation in NCHCC, and validation of genes involved in NCHCC are urgently needed. 

CONCLUSION
Following the introduction of direct antiviral treatments and the increasing prevalence of NAFLD, NCHCC has been on the rise. Even though less common than the hepatocellular carcinoma encountered on cirrhotics, NCHCC still accounts for 20% of reported hepatomas. Such tumors are typically diagnosed late, thus compromising the outcome. The discovery and generalization of use of direct antivirals, loco-regional treatments and systemic novel immune-chemotherapies, the advancements of complex hepatobiliary surgery and the genesis of transplant oncology have added to the treatment armamentarium of these aggressive primary liver tumors. Multidisciplinary approach and coordinated care at tertiary high-volume HCC, preferably liver transplant centers, remain critical. It is time the stakeholders pursued a consensus approach in developing universal HCC surveillance and treatment strategies on non-cirrhotic patients at risk, such as NAFLD and/or patients with advanced fibrosis. 
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Figure Legends
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Figure 1 Mechanisms of oncogenesis in hepatitis B virus induced non-cirrhotic hepatocellular carcinoma. Entry of hepatitis B virus (HBV) virion into hepatocytes results incorporation of DNA into the host genome resulting in covalently closed circular DNA. Integration of HBV DNA leads to expression of multiple stem cell markers. These markers differ based on the region of the HBV genome (preS1, S, core, X). Three mechanisms of oncogenesis with insertional mutagenesis, chromosomal instability and mutant protein formation shown. HBV: Hepatitis B virus; NTCP: Na+-taurocholate co-transporting polypeptide; cccDNA: Covalently closed circular DNA; EpCAM: Epithelial cell adhesion molecule; OCT4: Octamer-binding transcription factor 4; Nanog: Homeobox protein; CK19: Cytokeratin 19; CD: Cluster of differentiation; TERT: Telomerase reverse transcriptase; MLL4: Myeloid lymphoid leukemia 4; CKD15: Cyclin dependent kinase 15; NCHCC: Noncirrhotic hepatocellular carcinoma.
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Figure 2 Mechanisms of oncogenesis in hepatitis C virus induced non-cirrhotic hepatocellular carcinoma. Entry of single stranded hepatitis C virus (HBV) RNA into hepatocytes leads to expression of multiple oncogenic proteins. The core section and NS5A sections of the HCV genome produces c-Kit and Nanog-CD133 proteins respectively. HCV infected hepatocytes can lead to sphere formation, sub-genomic replication formation and multiple other mechanism are noted in the schema. Ss: Single stranded; NS: Non-structural; c-Kit: Proto-oncogene, Cam Kinase-like-1; Lgr5: Leucine rich G-protein receptor; CD: Cluster of differentiation; Lin28: RNA binding protein; CK19: Cytokeratin 19; AFP: Alfa fetoprotein; TLR4: Toll-like receptor 4; TGFβ-1: Transforming growth factor-1; NCHCC: Noncirrhotic hepatocellular carcinoma.


Table 1 Key differences between non cirrhotic hepatocellular carcinoma and hepatocellular carcinoma
	 
	HCC
	NCHCC

	Epidemiology
	Eighty percent of HCC develops with a cirrhotic background. A unimodal age distribution (peak in 7th decade) noted. Male:female ratio - 3:2
	Twenty percent of tumors develop in non-cirrhotic liver. A bimodal age distribution (peak in 2nd and 7th decade) noted. Male:female ratio-2:1

	Risk factors
	Development of cirrhosis from any etiology can progress to HCC. Hepatotropic viruses, environmental and life-style factors (alcohol, tobacco), metabolic conditions (nonalcoholic fatty liver disease, diabetes mellitus, obesity) play a predominant role
	      NCHCC develops without a background of underlying cirrhosis. Viral (HBV, HCV infection) and non-viral risk factors (obesity, diabetes mellitus, toxin exposure, germline mutations and genetic disorders) noted

	Clinical features
	Symptoms could be related to underlying cirrhosis (from portal hypertension) or HCC (early satiety, upper abdominal pain) itself. Paraneoplastic signs such as hypercalcemia, hypoglycemia have been reported
	Generalized fatigue, abdominal pain and weight loss are common symptoms. Can present at late stage with large tumor burden, extrahepatic metastasis

	Diagnosis
	High quality cross-sectional imaging (CT/MRI) are used with typical arterial phase hyper-enhancement and portal venous washout. LI-RADS classification is used in classification of radiological findings in HCC
	Although CT and MRI are increasingly utilized for diagnosis, liver biopsy are utilized in patients when cross-sectional imaging is equivocal. LI-RADS classification cannot be utilized for NCHCC and instead tumor characteristics (size, imaging features) are utilized for staging

	Treatment 
	Given the underlying cirrhosis, liver transplant candidacy need to be evaluated for HCC patients. Resectability of the lesion, amount of liver reserve, vascular invasion, performance status determines the treatment outcomes
	Antiviral treatment recommended when etiology of NCHCC is HBV/HCV. Surgery remains the main treatment modality. Systemic and local therapy options are increasingly being utilized for NCHCC


Key differences in epidemiology, risk factors, clinical presentations, diagnosis and treatment for non-cirrhotic hepatocellular carcinoma and hepatocellular carcinoma. A multidisciplinary team evaluation is frequently utilized for diagnosis and treatment. CT: Computed tomography; MRI: Magnetic resonance; HCC: Hepatocellular carcinoma; NCHCC: Non cirrhotic hepatocellular carcinoma; LI-RADS: Liver Reporting and Data System; HBV: Hepatitis B; HCV: Hepatitis C. 

Table 2 Imaging characteristics of cirrhotic and non-cirrhotic hepatocellular carcinoma
	
	CHCC
	NCHCC

	Imaging modality
	Background of advance fibrosis (cirrhosis)
	No background of advance fibrosis (cirrhosis)

	CT
	Homogenous with irregular but well defined margin
	Initially hypoattenuating mass which can be come heterogenous (areas of necrosis/hemorrhage within the tumor) when tumor attains bigger size 

	
	Multiple masses 
	· 

	
	· 
	Large solitary mass (/dominant mass) with satellite nodules

	
	Extrahepatic extension less common
	· 

	
	· 
	Extrahepatic extension (with direct adjacent organ) is more often seen

	
	· 
	Metastasis frequently seen, vascular invasion less common (15%)

	
	Vascular invasion (encasement) more common (85%)
	· 

	
	· 
	Lymphadenopathy seen in 20% of cases.

	MR
	T1: Variable but mostly hypointense. T2: Hyperintense/isointense compared to surrounding liver
	Unenhanced T1 image - Hypointense lesion (presence of hemorrhage/fat can increase the signal). T2 - Hyperintense (low grade/well differentiated can be iso/hypointense)

	
	DWI-high ADC when lesion is well differentiated
	DWI - Used for small lesions. Shows low ADC


CHCC: Cirrhotic hepatocellular carcinoma; NCHCC: Non-cirrhotic hepatocellular carcinoma; CT: Computed tomography; MRI: Magnetic resonance; DWI: Diffuse weighted imaging; ADC: Apparent diffusion coefficient.

Table 3 Treatment options for non-cirrhotic hepatocellular carcinoma 
	Treatment
	Comments

	Antiviral therapy
	If HBV or HCV are identified as potential causes of NCHCC, aggressive treatment should be pursued. Entecavir, tenofovir have been used for HBV and DAA agents are used for HCV infection

	Surgery
	Mainstay for the treatment of NCHCC. BCLC staging cannot be used for NCHCC patients. Tumor size, elevated bilirubin level, low platelet count, vascular invasion can predict prognosis in NCHCC individuals

	Locoregional therapy
	Limited data available in NCHCC patients. Isolated cases and case series showed improved prognosis with these treatment options

	Systemic therapy
	Multikinase inhibitors (sorafenib, regorafenib), immunotherapy (nivolumab), chemotherapeutic agents (epirubicin, cisplatin, 5-fluororuacil, capecitabine, docetaxel, GEMOX) have been used in NCHCC with various success


[bookmark: _Hlk71727625]Potential treatment options for non-cirrhotic hepatocellular carcinoma. Antiviral therapy is indicated if hepatitis C virus or hepatitis C virus is identified as a potential cause. While surgery remains the mainstay of the treatment, locoregional and systemic therapy options have been tried. HCC: Hepatocellular carcinoma; DAA: Direct acting antiviral; NCHCC: Non cirrhotic hepatocellular carcinoma; BCLC: Barcelona-Clinic Liver Cancer; HBV: Hepatitis B virus; HCV: Hepatitis C virus; GEMOX: Gemcitabine and oxaliplatin regimen. 
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