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Abstract

:

Hepatocellular carcinoma (HCC) is the fifth most common cancer and the second leading cause of cancer-related death worldwide. Hepatitis B virus (HBV) infection is among the main risk factors for HCC. The risk of HCC is not eliminated completely after viral suppression, due to HBV DNA integrated into human chromosomes. Cirrhosis, HBV viral DNA levels, age, male gender, the immune response of the host against HBV, and a combination of obesity and diabetes are among the main risk factors for HCC. Active viral replication and long-standing active disease with inflammation are associated with a higher risk of HCC. Treatment of HBV with nucleos(t)ide analogues (NAs) decreased HCC risk by effectively decreasing viral load and inflammation. Similar risk factors have been reported in hepatitis B patients after seroclearance. Studies have reported decreased risk of HCC after seroclearance, but there were also conflicting results from a few studies indicating no difference in risk of developing HCC. The difference in HCC rates could be because of other factors such as coinfection, occult HBV infection, family history, HBV genotype, and other comorbidities. Due to the persistent risk of HCC after seroclearance, HCC surveillance is critical for early detection, especially in high-risk patients. However, long-term studies might be needed to further validate the results.
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1. Introduction


Globally, hepatocellular carcinoma (HCC) is the fifth most common cancer and the second leading cause of cancer-related mortality. With 854,000 newly diagnosed patients, HCC led to 810,000 deaths annually from 1990 to 2015 [1]. Hepatitis B virus (HBV), hepatitis C virus (HCV), alcohol intake, non-alcoholic steatohepatitis, and ingestion of the fungal metabolite aflatoxin B1 are the main risk factors for HCC development [2].



In the high endemic regions such as East Asia and Africa, HBV accounts for 30–50% of HCC cases [3]. HBV is a DNA virus that can integrate into host chromosomes and interact with oncogenes and tumor suppression genes. HBV-induced HCC can, therefore, occur in the absence of advanced fibrosis. The risk of HCC remains highest among those with cirrhosis [4]. HCC surveillance is an effective measure for early cancer detection, especially in high-risk patients. Regular close observation with ultrasound, with or without serum alpha-fetoprotein (AFP), is cost-effective and can increase the patients’ survival [5,6].



Active viral replication and long-standing active disease with inflammation are associated with a higher risk of HCC [7]. Prolonged HBV therapy with optimal HBV DNA suppression can reduce HCC incidence and its related mortality.



Covalently closed circular DNA (cccDNA) is an episomal minichromosome located in the host cell nucleus. The genomic relaxed circular DNA (rcDNA) enters the hepatocyte nucleus via the infectious virion nucleocapsid and converts to cccDNA. The cccDNA is a template for the transcription of viral RNAs such as pgRNA and other viral mRNAs [8,9]. Complete cure is established by undetectable HBsAg in serum and eliminated HBV DNA, intrahepatic cccDNA, and integrated HBV DNA [8]. The complete cure is difficult to achieve in chronic hepatitis B (CHB), since HBV DNA is integrated into the host genome, and viral cccDNA is detected in the liver even after a sterilizing cure, which can cause a reactivation. Therefore, the term “functional cure” was coined during the combined American Association for the Study of Liver Diseases (AASLD) and European Association for the Study of the Liver (EASL) workshop in 2016. It was defined as sustained, undetectable HBV surface antigen (HBsAg) and HBV DNA in serum with or without seroconversion to HBsAb, and selected as the goal for newer HBV therapies [8]. Despite treatment and seroclearance of HBV, the risk for HCC persists in some patients. This review will focus on HCC risk in patients with CHB after viral suppression.




2. Risk Factors for HCC Development in Chronic HBV Infection


Liver cirrhosis seems to be the most significant risk factor for the development of HCC during NA therapy [10]. The annual HCC incidence rate among patients with liver cirrhosis was 2.53% per year, and in chronic hepatitis patients, 0.34% per year. A similar study found that the most significant predictor of HCC is cirrhosis, followed by male gender and age [11]. Another study reported the presence of cirrhosis, male gender, increasing age, higher HBV DNA levels, and core promoter mutations as independent risks for the development of HCC (p < 0.005) [12,13]. Shyu et al. reported that diabetic CHB patients had a 3.3% increased risk of HCC development and a 2.8% increased risk of HCC-related mortality compared to non-diabetic CHB patients [14]. Metabolic syndrome, type 2 diabetes, and central obesity independently increased the risk of HCC development in an HBV-infected population in mainland China [15]. Viral and host factors have synergistic effects on HCC development. The immune response of the host against HBV infection that can result in cirrhosis progression is an important contributory risk factor.



Similar risk factors have been implicated in the occurrence of HCC after HBV seroclearance. Age is a major independent risk factor. Studies showed that cut-off points of ≥45 years [16,17] and ≥50 years [18,19,20] are associated with an increased risk of HCC. Male gender was also independently associated with increased risk of HCC [16,17,19]. Yip et al. demonstrated that female patients aged ≤50 years had zero risk for HCC incidence within 5 years of follow-up [19]. Sex hormones may explain the difference in the incidence of HCC based on gender [21]. Moreover, patients with cirrhosis continue to have an independently higher incidence of HCC even after HBV seroclearance [17,22]. Additionally, concurrent HCV [23] or HIV infection has been identified as one of the main risk factors for HCC development [24]. The effect of HIV and HCV coinfection is less investigated, since the coinfected patients are excluded from most studies. Recent studies also showed an increased risk of HCC after seroclearance in patients with diabetes mellitus [25]. Similarly, Chen et al. showed that a combination of obesity and diabetes increased the risk of HCC more than 100-fold in HBV or HCV carriers [26]. Song et al. [27] had similar findings with a higher body mass index (≥25.0 kg/m2), reporting a significant association with HCC risk in HBsAg spontaneous seroclearance participants. The fatty liver was more prevalent in HCC patients in this group compared with patients having persistent HBsAg.




3. Risk of HCC Development in Chronic HBV-Infected Patients Treated with Older Therapies


Interferon-alpha (IFN-α), the first treatment option for CHB introduced in the latter 1980s, could induce a progressive decline in serum HBV DNA followed by a normalization of serum transaminases (ALT) in both HBeAg-positive and -negative CHB patients [28]. IFN-α is a form of immunotherapy with known anti-tumor effects [29]. Most studies of IFN-α have shown its favorable effects on HCC risk and survival.



A meta-analysis by Yang et al. showed a reduced incidence of HCC and cirrhosis in patients treated with IFN-α compared to untreated patients (relative risk [RR]: 0.59 and 0.65, respectively, p < 0.05) [30]. Zonneveld et al. presented similar results with reduced risk of developing HCC and improved survival in patients treated with IFN-α [31]. They also reported decreased necroinflammation and less progressive fibrosis in these patients on histology along with an increased rate of HBsAg seroclearance. In a meta-analysis of eight studies, Miyake et al. also showed the preventive effects of IFN-α against HCC in CHB. But these results were limited to the HBeAg-positive Asian population, without any significant reduction in patients from Europe [32]. Overall higher incidence of HCC in the Asian population and other factors including HBV genotype, family history of HCC, and cirrhosis may explain this difference. After a 15-year follow-up, Lin et al. showed a reduction in HCC development among patients with CHB treated with IFN-α, even with pre-existing cirrhosis [33]. Contrarily, IFN-α did not show a beneficial effect in preventing HCC in a study by Yuen et al. but, many of their patients belonged to younger age groups. They reported that five treated patients developed HCC as compared to two untreated patients [34].



Therefore, most studies suggested favorable outcomes in terms of HCC risk with IFNα treatment, with a further effect in sustained responders. But IFN-α is associated with more frequent side effects compared to NA therapy [35]. Sung et al. included 17 studies in their meta-analysis, with 12 studies evaluating the IFN-α therapy and five studies on NA therapy (mostly with lamivudine, with some patients receiving Adefovir rescue). Studies enrolling patients treated by IFN-α vs. controls showed a 34% reduced risk, and the studies enrolling patients treated by NA vs. controls showed a 78% reduced risk of HCC after treatment [36]. These results were not surprising, as treatment with NA is more effective in lowering the HCC development risk, maybe through more potent and persistent suppression of viral replication. The decreased risk of HCC was more prominent among HBeAg-positive patients, probably due to higher viral loads.



Lamivudine was approved by the Food and Drug Administration (FDA) in 1998. Along with other NA therapies, lamivudine seems to have better virologic and histological benefits for both HBeAg-positive and negative patients [37]. Yuen et al. reported that long-term lamivudine therapy was associated with reduced risks of cirrhosis and HCC development in patients without advanced disease through suppression of viral activity. Although the development of YMDD-MT mutations reduced the maximal benefit of lamivudine, the outcome was still significantly better among these patients than in untreated patients [38]. Another retrospective study reported that the annual incidence of HCC was lower among the sustained responders to lamivudine compared to the controls (0.95% vs. 4.1%, p = 0.005). The yearly HCC incidence rate increased to 2.18% in patients with viral breakthrough and 5.26% among those with a suboptimal response [39]. Due to the high probability of drug resistance with long-term therapy, lamivudine is not the first-line optimal CHB treatment. Studies reported that lamivudine resistance increases the HCC risk in anti-HBe positive cirrhosis [40,41].




4. Risk of HCC Development in Chronic HBV-Infected Patients Treated with Newer Therapies


The AASLD guidelines recommend entecavir or tenofovir as first-line NA therapies due to their potency and high genetic barrier to resistance, particularly in NA-naïve patients [42]. Studies have shown that these newer agents decrease the risk of HCC in CHB patients.



A nationwide population-based retrospective study from Taiwan compared a cohort of 21,595 NA-treated CHB patients (entecavir, lamivudine, telbivudine, or combination therapy) with 21,595 matched untreated patients. They reported that the 7-year HCC incidence rate was lower in the NA-treated patients compared to the untreated cohort (7.3% vs. 22.7%, p < 0.001) after adjusting for confounders. Interestingly, this association remained in a subgroup analysis of younger, non-cirrhotic, and non-diabetic patients [43]. A Japanese cohort reported that the cumulative 5-year HCC incidence was significantly lower with entecavir therapy than with no treatment (3.7% vs. 13.7%). This effect was more notable among the patients with a higher risk for HCC development. Moreover, subgroup analysis showed that HCC risk reduction was improved in the entecavir group compared to matched lamivudine-treated patients [44]. Another Taiwanese study of entecavir-treated patients showed similar risk reduction in HCC, especially in those patients who had prior lamivudine- or adefovir-resistant mutants [45]. While many studies validated the effectiveness of entecavir in reducing HCC risk, Wong et al. also demonstrated the reduction in liver-related and all-cause mortality with this medication in CHB patients with cirrhosis [46].



This HCC risk reduction has also been seen with tenofovir therapy. In an Asian population-based retrospective study, Nguyen et al. reported that the 8-year cumulative HCC incidence was higher in the matched untreated group than in the tenofovir treated group (20.13% vs. 4.69%, p < 0.001) [11]. In a large European study involving 10 centers and a total of 1951 adult Caucasian CHB patients, HCC risk decreased after the first 5 years of entecavir/tenofovir therapy, particularly in those with compensated cirrhosis at baseline [47]. Interestingly, the yearly incidence rate of HCC did not differ within and after 5 years in patients without cirrhosis, but it significantly declined in patients with cirrhosis. However, Kim et al. reported that among patients without cirrhosis treated with tenofovir, the observed incidence of HCC was significantly lower than predicted [48].




5. Risk of HCC Development in Chronic HBV-Infected Patients Treated with Entecavir vs. Tenofovir


As discussed, both of these newer agents have shown significantly reduced risk of HCC, but the comparison between the two drugs has been a matter of debate. A South Korean study [49] used a nationwide database comparing entecavir (n = 11,464) with tenofovir (n = 12,692) between 2012 to 2014. During follow-up, HCC developed in 984 patients (590 in the entecavir vs. 394 in the tenofovir group). After multivariate-adjusted analysis, the incidence of HCC was significantly lower in the tenofovir group compared to that in the entecavir group. The data were validated in a hospital cohort of adult treatment-naive CHB patients. The HCC risk was also significantly lower in the tenofovir group and diverged between the groups after 2 years of follow-up.



Dave et al. [50] compared HCC risk between entecavir and tenofovir in a meta-analysis of 14 studies with 263,947 person-years of follow-up. The unadjusted analysis showed no difference between the groups (incidence rate ratio [IRR]: 1.28, 95% CI: 0.99–1.66). However, utilizing adjusted data from seven studies, HCC risk was 27% higher in the entecavir group than in the tenofovir group. Moreover, there was no difference between these two medications among the patients with cirrhosis. These results should be interpreted with caution due to moderate heterogeneity in these estimates.



A Korean study [51] recruited data from four academic hospitals from 2012 to 2014. They evaluated a total of 2897 CHB patients: 1484 treated with entecavir and 1413 treated with tenofovir. Among all patients, 240 (8.3%) developed HCC: 138 in the entecavir and 102 in the tenofovir group. The difference in annual HCC incidence was not statistically significant between the two groups. The propensity score-matched analysis also showed similar results regarding HCC incidence, liver transplantation, and death, which were comparable between the two groups. These results can be affected by a non-random treatment allocation and the socioeconomic status of the selected patients (which was adjusted by subgroup analysis). Additionally, the unitality of HBV genotype C and including unfavorable comorbidities such as diabetes, hypertension, obesity, and smoking can contribute to NASH and NAFLD with a higher risk of HCC development in the selected groups.



A Spanish study [52] recruited 661 patients (187 received entecavir and 424 received tenofovir). Fourteen patients developed HCC; three were on entecavir (1.6%) vs. 11 on tenofovir (2.5%). Seventy percent of the HCC patients had liver cirrhosis. HCC developed in these patients despite persistent viral suppression with undetectable viral DNA. All HCC patients were men. The revalidation of the Page-B score was >17 to benefit from the surveillance of the high risk of developing HCC. About 70% of these HCC patients had cirrhosis [52,53] or decompensated cirrhosis [53]. Only 30% developed HCC without any cirrhosis [54]. Oral antiviral drugs with a high barrier to resistance made overall and liver-related 8-year survival of CHB patients (with or without compensated cirrhosis) similar to the general population.



Papatheodoridis et al. [55] studied a cohort of 1935 Caucasian patients with CHB. They showed that long-term entecavir and tenofovir monotherapies were similar regarding the patients’ HCC risk, biochemical/virological remission rate, HBsAg loss, and liver transplantation or death. However, elastographic reversion of cirrhosis after 5 years of follow-up was more prevalent after tenofovir compared to entecavir. Another retrospective cohort study [56] in 1340 consecutive NA-naïve CHB patients reported a similar risk for HCC development after entecavir and tenofovir treatment.



To summarize, conflicting results have been reported. Most studies showed no significant difference between the two drugs regarding lowering HCC or mortality rates. It is crucial to consider other risk factors for HCC development such as obesity, diabetes, alcohol consumption, smoking, age at diagnosis, and other lifestyle modifications. Moreover, patients with high viral HBV DNA for long periods are at higher risk of HCC development [57] even with treatment. Despite NA treatment, the risk of HCC development persists even after seroclearance [58,59].



Table 1 shows the studies comparing the HCC risk in CHB patients after treatment with entecavir vs. tenofovir.




6. Risk of HCC Development in Chronic HBV-Infected Patients after HBV Seroclearance


HBV seroclearance, defined as two negative HBsAg assays at least 6 months apart, is a rare event. A systemic review and meta-analysis by Yeo et al. [61] included 34 studies and determined the pooled annual rate of HBsAg seroclearance to be 1.02%, which included spontaneous and treatment-induced seroclearance. Patients experienced higher rates of HBsAg seroclearance if they were HBeAg-negative at baseline or had lower baseline HBV DNA and lower HBsAg (especially < 100 IU/mL) levels.



Although HBV seroclearance is associated with a lower risk of liver-related complications such as HCC, this risk still persists after seroclearance. Ahn et al. [22] showed a significant reduction of necroinflammation on liver biopsy of patients before and after HBV seroclearance. Unfortunately, all of the patients demonstrated the presence of HBV DNA, and the fibrosis score did not change significantly (p = 0.072). A meta-analysis by Kuang et al. [62] showed that HCC occurred in 1.86% of patients during a follow-up of 19.6 to 336 months after HBsAg seroclearance compared to 6.56% patients who were HBsAg-positive (p < 0.001). However, Gounder et al. [63] showed that HBV seroclearance was not associated with reduced HCC risk compared with a matched control group (p = 0.65). The difference in HCC rates could be because of other factors such as coinfection, family history, HBV genotype, and other comorbidities.



The exact mechanism of HCC development after HBsAg clearance is unclear. The possible mechanisms are due to cirrhosis progression, necroinflammation caused by HBV infection, and the oncogenic effect of HBV genome integrated into the human hepatocyte chromosomes [18,19]. In a study by Choi et al., the patients’ age, male sex, and the presence of liver cirrhosis at the time of HBsAg clearance were shown to be the predictors of HCC development in both univariate and multivariable analyses. Additionally, the patients’ serum levels of total bilirubin and platelet counts were the risk factors for HCC development in univariate analysis. However, the serum levels of albumin, creatinine, and AFP, prothrombin time, the presence of diabetes, and anti-HBs seroconversion could not predict HCC development in chronic HBV-infected patients after HBsAg clearance. This study also showed that PAGE-B scores with cut-off values of low- (≤9), intermediate- (10–17), and high-risk (≥18) could predict the risk of HCC development after HBsAg clearance. The PAGE-B of ≤9 had a negative predictive value of 100% for up to 10 years of follow-up [64]. Moreover, the systematic review by Kuang et al. mentioned male gender, cirrhosis, and age ≥50 years at the time of seroclearance as predictors of HCC development [62]. Patients with at least one of the abovementioned risk factors after HBsAg clearance may need close HCC surveillance.



After seroclearance, HBV DNA may remain detectable in the serum or liver cells (occult HBV infection, OBI). Patients with OBI have an increased risk of HCC development [65,66]. In a study by Wong et al., 69% (62 out of 90) of HBsAg-negative patients with HCC had OBI. Of these, 29 patients had detectable cccDNA in their liver cells, and 43 patients had HBV DNA integrated into the DNA of their liver cells near hepatic oncogenes [66]. Another study, by Huang et al., reported HCC in 90 out of 251 patients with OBI and a focal liver lesion [67]. Although the exact mechanism of HCC development in patients with OBI is unclear, it could be due to the integrated HBV DNA in the liver cells, pre-existing necroinflammation, or produced pro-oncogenic proteins [65,66].




7. Risk of HCC Development after Treatment-Induced or Spontaneous HBV Seroclearance


HBV seroclearance can be achieved spontaneously or with treatment. Table 2 and Table 3 describe differences between studies with spontaneous as compared to treatment-induced seroclearance, respectively. Nam et al. studied 4061 HBsAg-positive patients retrospectively and found 47 patients to have spontaneous seroclearance. Nine of these patients developed HCC [68]. Huo et al. studied 1355 chronic carriers from 1985 to 1997 and observed spontaneous HBsAg clearance in 55 patients. During a mean follow-up of 23 months, 18 patients developed serious complications, including 11 with HCC, six with cirrhosis, and one with sub-fulminant liver failure [16].



Studies including NA treatment-induced seroclearance showed similar results. A Korean study [69] evaluated 5409 CHB patients receiving NA therapy for a median of 6.8 years. They found that HBsAg seroclearance could reduce the HCC development risk (94% reduction from treatment initiation and 87% reduction from HBsAg seroclearance, p < 0.05). All of these HCC patients had liver cirrhosis at baseline despite HBsAg seroclearance. In a study by Yip et al. [19] that included a large cohort of 4568 patients (17% on NA therapy), 54 patients developed HCC after 3.4 years of follow-up. Age above 50 years (p = 0.002) and male gender (p = 0.01) were two independent risk factors for HCC development. Female patients aged ≤50 years had zero risk of HCC within 5 years of follow-up. They also showed that diabetes was associated with an increased risk of HCC after adjustment for age, sex, presence of cirrhosis, and use of medications (p = 0.036) [25]. Yuen et al. [20] reported that the cumulative risk for HCC was higher in patients with HBsAg seroclearance at ages ≥50 years (p = 0.004).



Chen et al. compared spontaneous (n = 312) and NA treatment-induced HBV seroclearance (n = 110) [70]. During a mean period of 75.3 months, five patients (four in spontaneous and one in treatment group) developed HCC. There were no significant differences in HCC development, overall mortality, variceal bleeding, or incidence of anti-HBs seroconversion between the two groups. Further studies are needed to compare these groups.



Some of these results should be considered with caution. Despite having two negative HBsAg assays 6 months apart, some studies [16,22,71,72] had patients with positive serum HBV DNA in their cohort. The majority of patients with cleared HBsAg have undetectable HBV DNA in their serum. In some patients, HBV DNA persists in the serum and liver despite negative HBsAg. These patients have occult HBV infection, defined as HBV DNA presence despite the absence of HBsAg. The occult HBV infection existed in 24 (73%) cryptogenic HCC patients [73]. A study by Hosseini et al. reported that the HBsAg escape mutants were detected in more patients in the HCC/Cirrhotic group than in the asymptomatic carriers [74]. Wong et al. reported that in 90 HbsAg-negative patients with HCC, 70% had evidence of occult HBV infection, and 70% had integration of HBV DNA into liver cell DNA, while 90% of them were not cirrhotic [66]. Therefore, the integration of HBV DNA remains an important etiology for developing HCC in these patients.



The cost-effectiveness of HCC surveillance after HBV seroclearance is unknown. According to the AASLD guidelines, HCC surveillance should continue after HBV seroclearance if the patient has cirrhosis, a first-degree family member with HCC, or a long duration of infection (>40 years for males and >50 years for females who have been infected with HBV at a younger age) [75].




8. Conclusions


The risk of HCC development persists after viral suppression and is affected by various factors. Integrated viral DNA remains the major culprit for the development of HCC after viral suppression. The combination of viral and host factors has synergistic effects on HCC development. Moreover, host immune response to HBV infection results in progression to cirrhosis and is a major contributory risk factor for HCC. Other independent risk factors for HCC are patient gender, age, type 2 diabetes, metabolic syndrome, and core promoter mutations. Active viral replication and long-standing active disease with inflammation are associated with a higher risk of HCC. Therefore, HBV treatment with the target of reducing viral loads could reduce the incidence of HCC and its related mortality. NA therapy appears to be more effective in lowering the risk of HCC development, probably through more potent and persistent suppression of viral replication. Finally, risk stratification should be performed after viral suppression to determine the long-term HCC surveillance for the patient.
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Table 1. Studies comparing the hepatocellular carcinoma (HCC) risk in chronic hepatitis B (CHB) patients treated with entecavir vs. tenofovir.






Table 1. Studies comparing the hepatocellular carcinoma (HCC) risk in chronic hepatitis B (CHB) patients treated with entecavir vs. tenofovir.





	First Author
	Year
	Design
	Race
	Country
	Mean Age (yr)
	Males ETV

n (%)
	Males TDF

n (%)
	Total Patient

n (%)
	ETV

n (%)
	TDF

n (%)
	HCC in ETV

n (%)
	HCC in TDF

n (%)
	Cirrhosis before ETV

n (%)
	Cirrhosis before TDF

n (%)
	HbeAg Pos ETV

n (%)
	HbeAg Pos TDF

n (%)
	HBV DNA Baseline ETV

(Log IU/mL)
	HBV DNA Baseline TDF

(Log IU/mL)
	BMI ETV
	BMI TDF
	DM ETV

n (%)
	DM TDF

n (%)





	Riveiro-Barciela [52]
	2017
	Cohort
	Cauca-sian
	Spain
	50 ± 13
	139 (74.3)
	305 (71.9)
	611
	187 (31)
	424 (69)
	3 (1.6)
	11 (2.5)
	64 (34.2)
	133 (31.4)
	34 (18.2)
	67 (15.8)
	4.9 ± 2.4
	3.8 ± 2.3
	-
	-
	-
	-



	Seung Up Kim [51]
	2019
	Cohort
	Asian
	South Korea
	48.4 ± 11.7
	889 (59.9)
	913 (64.6)
	2897
	1484 (51.2)
	1413 (48.7)
	138 (9.2)
	102 (7.2)
	499 (33.6)
	411 (29.1)
	758 (51.1)
	694 (49.1)
	5.7 ± 2.1
	5.4 ± 2.1
	23.8 ± 4.5
	23.8 ± 2.9
	121 (8.15)
	106 (7.5)



	Jonggi Choi [49]
	2019
	Cohort
	Asian
	Korea
	48.8 ± 10.5
	965 (61.9)
	692 (60.6)
	2701
	1560 (57.7)
	1141 (42.2)
	115 (7.3)
	39 (3.4)
	935 (59.9)
	653 (57.2)
	853 (54.7)
	641 (56.2)
	6.7
	6.4
	-
	-
	94 (6)
	62 (5.4)



	Sung Won Lee [57]
	2020
	Cohort
	Asian
	South Korea
	47
	926 (58.5)
	841 (58.4)
	3022
	1583 (52.3)
	1439 (47.6)
	84 (5.3)
	50 (3.5)
	567 (35.82)
	483 (33.56)
	974 (61.5)
	823 (57.1)
	6.49 (5.28, 7.67)
	6.41 (5.34, 7.49)
	23.7
	23.7
	159 (10)
	105 (7.3)



	Terry Cheuk-Fung Yip [60]
	2020
	Cohort
	Asian
	China
	52.9 ± 13.2
	18,094 (47.3)
	591 (45.1)
	29,350
	28,041 (95.5)
	1309 (4.5)
	1386 (4.9)
	8 (0.6)
	3822 (13.6)
	38 (2.9)
	8317 (29.7)
	721 (55.1)
	5.3 ± 2.2
	4.9 ± 2.7
	-
	-
	6366 (22.7)
	93 (7.1)



	Ingyoon Ha [56]
	2020
	Cohort
	Asian
	South Korea
	45
	558 (61)
	266 (63)
	1340
	921 (68.7)
	419 (31.2)
	82 (8.9)
	24 (5.7)
	259 (28)
	39 (9.3)
	488 (53)
	261 (62)
	6.36
	6.67
	22.2
	22.3
	98 (11)
	22 (5)



	George V. Papatheodoridis [55]
	2020
	Cohort
	Cauca-sian
	Europe
	52 ± 14
	538 (70)
	827 (71)
	1951
	772 (39.5)
	1163 (59.6)
	50 (6.5)
	93 (8)
	166 (21.5)
	358 (30.8)
	110 (14.2)
	233 (20)
	-
	-
	26.1 ± 3.8
	25.8 ± 5.3
	39 (7)
	77 (10.8)







Abbreviations: entecavir (ETV); tenofovir (TDF); hepatocellular carcinoma (HCC); hepatitis B e antigen (HBeAg); body mass index (BMI); diabetes mellitus (DM).
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Table 2. Studies with spontaneous seroclearance and incidence of HCC.






Table 2. Studies with spontaneous seroclearance and incidence of HCC.





	Author
	Year
	Design
	Country
	Total, n
	Spontaneous Seroclearance, n (%)
	Male, n (%)
	Age (yrs)
	Cirrhosis at Seroclearance, n (%)
	HCC in Seroclearance Group, n (%)
	Mean Follow-Up after Seroclearance





	De Franchis [76]
	1993
	Retrospective
	Italy
	92
	10 (11)
	-
	-
	-
	0
	-



	Da Silva [77]
	1996
	Retrospective
	Brazil
	184
	20 (11)
	19 (95)
	41.9
	6 (30)
	0
	68.4



	Huo [16]
	1998
	Prospective
	Taiwan
	1355
	55 (4)
	46 (84)
	54
	0
	11 (20)
	23



	McMahon [78]
	2001
	Prospective
	USA
	1536
	106 (7)
	-
	-
	-
	2 (2)
	150



	Chen [79]
	2002
	Prospective
	Taiwan
	218
	218 (100)
	172 (79)
	44.8
	29
	3 (1)
	63.4



	Yuen [80]
	2004
	Retrospective
	China
	3843
	92 (2)
	65 (71)
	48.8
	-
	5 (5)
	126



	Ahn [22]
	2005
	Prospective
	South Korea
	432
	49 (10)
	36 (8)
	50
	17 (35)
	5 (10)
	19.6



	Nam [68]
	2007
	Retrospective
	South Korea
	4061
	47 (1)
	-
	46.2
	7
	9 (19)
	87.9



	Fwu [81]
	2009
	Retrospective
	Taiwan
	780,864
	31088 (4)
	-
	-
	-
	8 (<1)
	96



	Simonetti [72]
	2010
	Prospective
	USA
	1271
	158 (12)
	-
	-
	-
	6 (4)
	103.2



	Lim [82]
	2014
	Retrospective
	New Zealand
	438
	145 (33)
	-
	40
	-
	0
	-



	Liu [83]
	2014
	Prospective
	Taiwan
	2946
	529 (8)
	-
	-
	0
	8 (2)
	-



	Ferreira [84]
	2014
	Retrospective
	Brazil
	548
	40 (7)
	22 (55)
	46
	0
	0
	-



	Farzi [85]
	2014
	Prospective
	Iran
	399
	43 (11)
	-
	-
	-
	0
	-



	Tseng [86]
	2015
	Retrospective
	Taiwan
	2121
	338 (16)
	242 (72)
	-
	-
	5 (2)
	-



	Park [87]
	2016
	Prospective
	Korea
	1919
	90 (5)
	-
	-
	-
	4 (4)
	-



	Gounder [63]
	2016
	Retrospective
	USA
	1346
	238 (18)
	152 (64)
	28.8
	-
	4 (2)
	140.4



	Ari [88]
	2016
	Retrospective
	Turkey
	1427
	84 (6)
	51 (61)
	-
	-
	0
	-



	Nguyen [89]
	2017
	Retrospective
	USA
	4737
	52 (1)
	-
	49
	-
	1 (2)
	32
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Table 3. Studies with both spontaneous and treatment-induced seroclearance of HBV with incidence of HCC.
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	Author
	Year
	Design
	Country
	Total (n)
	Seroclearance n (%)
	Spontaneous n (%)
	Treatment Induced n (%)
	Male n (%)
	Age (yrs)
	Cirrhosis at Seroclearance n (%)
	HCC in Seroclearance Group n (%)
	Mean Follow-Up after Seroclearance





	Fattovich [90]
	1998
	Retrospective
	Europe
	309
	32 (10)
	16 (50)
	16 (50)
	-
	-
	-
	1 (3)
	-



	Arase [91]
	2006
	Retrospective
	Japan
	5055
	231 (5)
	156 (68)
	75 (32)
	-
	-
	-
	2 (1)
	-



	Yuen [20]
	2008
	Retrospective
	Hong Kong
	298
	298 (100)
	285 (96)
	13 (4)
	211 (71)
	-
	-
	7 (2)
	-



	Tong [92]
	2009
	Retrospective
	USA
	1200
	35 (3)
	21 (60)
	14 (40)
	-
	-
	-
	4 (11)
	-



	Moucari [93]
	2009
	Retrospective
	Europe
	97
	28 (29)
	0
	28 (100)
	-
	-
	-
	0
	-



	Kim, JH [17]
	2011
	Retrospective
	South Korea
	2870
	96 (3)
	91 (95)
	5 (5)
	77 (80)
	46.4
	24 (25)
	6 (6)
	-



	Idilman [94]
	2012
	Retrospective
	Turkey
	183
	10 (6)
	0
	10 (100)
	-
	-
	-
	0
	-



	Suzuki [95]
	2012
	Retrospective
	Japan
	615
	69 (11)
	0
	69 (100)
	-
	-
	-
	0
	-



	Cho [96]
	2014
	Retrospective
	South Korea
	2392
	166 (7)
	149 (90)
	17 (10)
	-
	-
	-
	10 (6)
	-



	Kim, GA [69]
	2014
	Prospective
	South Korea
	5409
	110 (2)
	0
	110 (100)
	84 (76)
	42
	34 (31)
	2 (2)
	72



	Orito [10]
	2015
	Retrospective
	Japan
	602
	13 (2)
	0
	13 (100)
	-
	-
	-
	0
	-



	Lauret [71]
	2015
	Prospective
	Spain
	612
	78 (13)
	56 (72)
	22 (28)
	56 (72)
	51
	12
	1 (1)s
	-



	Kim, GA [18]
	2015
	Retrospective
	South Korea
	829
	829 (100)
	724 (87)
	105 (13)
	575 (69)
	52.3
	98 (12)
	19 (2)
	38.4



	Nagaoka [97]
	2016
	Retrospective
	Japan
	50
	50 (100)
	47 (94)
	3 (6)
	45 (90)
	41.5
	-
	2 (4)
	210



	Chen [70]
	2016
	Retrospective
	Taiwan
	422
	422 (100)
	312 (74)
	110 (26)
	322 (76)
	50.4
	5 (1)
	5 (1)
	107



	Stelma [98]
	2017
	Prospective
	The Netherlands
	92
	16 (17)
	0
	16 (100)
	12 (75)
	39.5
	-
	1 (6)
	60



	Chi [99]
	2017
	Retrospective
	Multicenter
	5872
	54 (92)
	0
	54 (100)
	47 (94)
	48
	-
	0
	19.2



	Yip [19]
	2017
	Retrospective
	China
	73493
	4568 (6)
	3715 (81)
	853 (19)
	2874 (63)
	-
	839 (18)
	54 (3)
	-



	Alawad [100]
	2019
	Retrospective
	USA
	787
	65 (8)
	19 (29)
	46 (71)
	52 (80)
	49
	-
	0
	115



	Li [101]
	2019
	Retrospective
	China
	172
	172 (100)
	0
	172 (100)
	135 (78)
	42.6
	-
	1 (1)
	12



	Wu [102]
	2019
	Retrospective
	China
	1276
	238 (19)
	0
	238 (100)
	152 (64)
	36
	-
	0
	37
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