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Abstract

The incidence of hepatocellular carcinoma (HCC) is increasing worldwide, largely due to hepatitis B virus (HBV), hepatitis C virus and liver cirrhosis. Chronic HBV infection is estimated to cause 55%-60% of the cases of HCC worldwide and over 70% in Asian countries. Liver resection is currently the mainstay of treatment due to the low surgical mortality, a wider treatment indication, and simplicity of post-treatment follow-up. There is an ever-increasing demand on surgeons to perform curative liver resection in HCC, with the hope of avoiding tumor recurrences. Hepatitis B-related-HCC has distinct clinicopathological features, which should be considered when treating the disease. The author presents a review of the recently evolving strategies and emerging therapies to improve HCC postresectional outcomes and focus on perioperative measures to improve patient outcome, with particular reference to the current status of adjuvant therapies in HCC patients after liver resection.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a common malignancy worldwide, and its incidence continues to increase[1,2]. The main HCC risk factors include hepatitis B, hepatitis C, alcoholic liver disease, hemochromatosis and nonalcoholic steatohepatitis[3]. Chronic hepatitis B virus (HBV) infection is estimated to cause 55%-60% of HCC worldwide[4], and is the most important etiologic agent of HCC in Asia[5,6]. Surgical resection and liver transplantation are the only curative therapies for HCC. For HCC patients with solitary tumors and preserved liver function, hepatic resection is the treatment of choice and it has potentially curative intent. Hepatic resection is also the most available efficient treatment of HCC patients with tumors size > 5 cm, with nodules > 3, or with tumor macroscopic vascular invasion, who are less likely to benefit from liver transplantation or local ablative therapy[7,8]. Recent advances in surgical techniques[9], peri-operative care, and more accurate evaluation of the underlying liver function have increased the safety of liver resection even in patients with chronic liver disease and cirrhosis[10,11]. With appropriate patient selection, hepatectomy for HCC is currently a safe procedure that can be performed with less than 5% operative mortality[10,12,13], and a 5-year survival after resection that exceeds 50%[14]. Long term (> 10 years) disease-free survival is consistently seen in a part of the patient cohorts reported from many centers[15,16]. However, tumor recurrences and subsequent death remain common after resection[17,18]. Tumor recurrences usually occur due to occult intrahepatic metastasis from the primary tumor, and less frequently, from the new development of primary tumors from the underlying liver that is affected by chronic disease[19].

Clinicopathological features of HBV-related HCC 

Surgical resection is the treatment of choice for HCC patients with a solitary tumor and no evidence of liver cirrhosis, irrespective of the tumor size. This disease pattern exists more frequently in patients with hepatitis B-related HCC. Up to 40% of patients with chronic hepatitis B virus infection can develop HCC without cirrhosis[20]. Compared with HCV-related HCC patients, HBV-related HCC patients tend to be younger, show a higher male/female ratio, and present higher serum albumin levels, lower serum ALT levels, higher white blood cell counts, higher serum α-fetoprotein levels, a larger tumor size, and a lower proportion of multiple tumors[21,22]. Almost equivalent tumor aggressiveness and peritumoral microenvironments were noted in subjects with isolated HBV or HCV infections[23-25]. These characteristics make HBV-related HCC more amenable for surgical resection.

Current studies show that a steady improvement in survival after HCC treatment occurred over the past decade[26,27]. The reasons for these improvements are likely multifactorial, and may include progress in disease screening, imaging studies, patient selection, surgical techniques, and patient care. From a clinical point of view, practical ways to improve long-term results of surgical resection for HCC include: accurate preoperative tumor staging, optimal surgical approach, early detection and treatment of recurrent tumors, and development of effective adjuvant therapies. This review summarizes evolving strategies and emerging therapies over the past decade to improve post-resectional outcome in HCC patients, with special reference to adjuvant therapies in HBV-related HCC patients after curative resection.

Preoperative Tumor Staging

In HCC patients undergoing hepatic resection, preoperative tumor staging and characterization of the extent of disease (accurate identification of the number and locations of HCCs) are of upmost importance to correctly select appropriate candidates for surgery and to guide optimal surgical strategies, so as to increase the chance of a cure. Amidst reports of impaired survival due to potential tumor dissemination and tumor seeding, biopsy of suspected liver nodules was not recommended in these situations[28]. At present, HCC diagnostic confirmation and assessing the extent of disease depend mainly on contrast material-enhanced computed tomography (CT) and magnetic resonance (MR) imaging[29]. The American Association for the Study of Liver Diseases (AASLD) recommends that a diagnosis of HCC be made if a mass larger than 2 cm shows typical features of HCC (hypervascularity in the arterial phase and washout in the venous phase) at contrast material-enhanced CT or MR imaging, or if a 1-2 cm mass shows these features in both modalities[19]. In HCC patients, it is important to differentiate small HCC and premalignant from benign nodules, as surgical strategies may differ and have implications on the disease-free survival of patients. In the liver, small nodules of benign regenerative and dysplastic nodules, and early small HCC (< 2 cm) may co-exist and small HCC may mimic benign lesions[30]. Hyperattenuating and contrast-enhancing hepatic nodules small than 2 cm are frequently detected in the cirrhotic liver during arterial phase, and the majority of these nodules are benign[31]. In this setting, it is particularly important to characterize lesions less than 2 cm. Magnetic resonance imaging outperforms CT in these areas, and the pooled estimate of the sensitivity for detecting small HCC is 81% for MR imaging compared with 68% for CT[32,33]. The use of new hepatocyte-specific contrast agent, Gd-EthOxyBenzl-DTPA (Gd-EOB-DTPA; Bayer Health Care), in MR imaging is associated with both improved diagnostic accuracy and lesion discrimination[34]. A hypointense nodule against the background of enhancing liver parenchyma in the hepatobiliary phase of Gd-EOB-DTPA-enhanced MR imaging strongly suggests HCC (including well-differentiated HCC) or a high-grade dysplastic nodule with malignant potential (Figure 1). However, differentiation of these lesions is not currently possible[35]. A multicenter study reported by Hammerstingl et al[36] indicated that the frequency of correctly detected lesions was significantly higher with Gd-EOB-DTPA-enhanced MR imaging than with CT in clinical evaluation (10.44%). A change in planned surgical procedures after performing Gd-EOB-DTPA-enhanced MR imaging was documented in 19 of 131 patients (14.5%), and can be considered as an increase in the accuracy of a preoperative planning of liver resection. Incorporating a combination of ancillary features of liver lesions (lesion size, interval growth, signal intensity of T1- and T2-weighted imaging, the presence of intratumoral fat, and detection of fibrous capsule) enhances the diagnostic performance of Gd-EOB-DTPA-enhanced MR imaging. This technique is emerging as the best imaging method currently available for the preoperative staging of HCC patients with chronic liver disease, particularly in the detection of supplementary nodules between 1 and 2 cm without the hallmark vascular features of HCC on dynamic imaging. 

Operative Approach

Hepatocellular carcinoma prognosis after resection is associated with pretreatment tumor staging and tumor biology. However, the surgeon’s performance is also an important determinant of the long-term disease-free survival. In view of the fact that in HCC, vascular invasion with hematogenous spread and occult metastases is considered to be the major cause of tumor recurrences after hepatic resection[19,37], a rational surgical approach and an adequate resection should be practical ways to improve patients’ long-term survival[38].

Anatomical resection

Hepatic resections for HCC can be either anatomical resections (lobectomy, segmentectomy, or subsegmentectomy) or non-anatomical resections (wedge resection). In HCC, intrahepatic metastasis occurs mainly through the portal tract, and may be present before surgery. It has been proposed that the intrahepatic spread of hepatic tumors follows the pattern of step-by-step intrahepatic dissemination[39]. With small tumors and early metastases, satellite nodules usually lie in the same segment of the main tumor. The anatomical approach, which removes the entire portal unit of the tumor-bearing segment along with Glisson’s vessels en bloc, is particularly important for the purpose of reducing postoperative intrahepatic tumor recurrence rates. In 1996, the author reported techniques of hepatic segmentectomy for the curative resection of HCC[38]. Studies[40,41] indicated that overall and disease-free survival times were significantly longer, and local recurrence rates were lower after anatomical as compared to non-anatomical resection. Shindoh et al[42] indicated that anatomical resection decreases local recurrences and improves the surgical outcomes in solitary HCC measuring 2-5 cm in diameter. The 5-year recurrence rate was 56.7% in the anatomical resection group and 74.7% in the non-anatomical resection group. Recent study employing meta-regression analysis indicated that the 5-year overall survival and disease-free survival are significantly better with anatomical resection[43].

Surgical margin

The surgical margin of the resected HCC represents the shortest distance between the section line and the tumor(s) margin. An adequate margin has been defined by Lee et al[44] as a margin equal to or exceeding 1.0 cm. The status of the surgical margin is an important prognostic factor in patients undergoing hepatic resection, because the value of the resection is diminished when the hepatic transection margin is involved by tumor and usually associated with disease recurrence. Histological examination of the resected margin is an important method for assessing whether residual disease existed in the adjacent liver tissue. A surgical margin equal to or exceeding 1.0 cm increases the chances of histological clearance of disease in the liver tissue and decreases the chances of local recurrences after resection, especially for tumors with locoregional disease extension. In 1997, the author reported that a narrow surgical margin (< 1 cm) significantly influences HCC recurrences after resection, and minor resection and centrally located tumors are factors related to a narrow surgical margin[45]. Recently, one randomized controlled trial reported that a surgical margin aiming at 2 cm significantly decreased HCC recurrence rates and increased the 5-year survival rate compared with a margin aiming at 1 cm[46]. However, two points should be emphasized in the discussion about the significance of surgical margins. Firstly, in author’s series[45] of 165 consecutive patients, despite attempts to keep a surgical margin of 1 cm or more in width in each case, only 52% of the patients had the tumors successfully resected with a surgical margin of 1.0 cm or more. These data are compatible with those of previously reported series, which showed that 20%-88% of the resection can achieve a 1.0 cm clearance of the surgical margin[47,48]. Secondly, in patients with a well-encapsulated solitary tumor and no evidence of macroscopic vascular invasion, a narrow surgical margin, even a null-margin, does not exclude the possibility of a cure after resection[49,50]. In the preoperative evaluation of HCC resections, a prediction of an obtainable narrow surgical margin should not be a contraindication for hepatectomy.

The extent of liver resection influences the outcome of patients with HCC. In HCC resection, the choice for the type of resection should certainly be based on the maintenance of an adequate postoperative liver reserve. In patients with preserved liver function, major hepatectomy can be considered. In patients with chronic liver disease and associated marginal liver function, less extensive resection is necessary. Surgeons who are less familiar with liver surgery may be inclined to perform less radical resections. This may represent a lost opportunity for some patients who, had they received an adequate and radical resection, may have had better long-term prognoses. To minimize the risk for disease local recurrences and maximize the overall survival probability, a surgical strategy that supports the preference for anatomical and adequate resection should be adopted when possible.

Anterior approach for the resection of large, right liver HCC

In the conventional surgical approach for right liver lobe resections, operative procedures include the complete mobilization of the right liver and the control of the right hepatic vein outside the liver before parenchymal transection[51]. In the resection of large right liver tumors, which is frequently encountered in HBV-related HCC, these procedures may induce tumor rupture and the forceful squeezing of the tumor may induce intra- or extra-hepatic spread[52,53]. The anterior approach, a technique originally proposed by Ozawa[54] in 1990, involves vascular inflow control, completion of parenchymal transection, and complete venous outflow control without initial right liver mobilization. Its beneficial effects on the patients’ operative and survival outcomes have been evaluated prospectively. A randomized study[55] from Hong Kong University showed that for 109 patients with HCC of > 5 cm in diameter (97% being hepatitis B virus related-HCC), resection using an anterior approach is associated with lower blood loss and longer overall survival. The survival benefit appeared more obvious in patients with stage Ⅱ disease and patients with vascular invasion of the tumor. After accumulating adequate experience, a surgeon may perform the anterior approach safely and effectively. This is the formal practice for most right hepatectomies in large HCC cases in our center.

Treatment of Recurrences

Tumor recurrence remains the major cause of death after curative resection for HCC. After hepatic resection, the majority of recurrences are due to residual tumor or intrahepatic tumor metastases and not due to metachronous tumors. Such recurrences tend to appear during the first 2 years of follow-up[15]. Author previous study[17] of 286 consecutive patients with recurrent HCC indicated that median survival times after tumor recurrences were 468 d; the overall 1-, 3-, 5-, and 10-year post-recurrence survival rates were 62%, 33%, 18%, and 9%, respectively. By multivariate analysis, repeated resectional treatment of recurrent tumors was an independent prognostic factor for improved post-recurrence survival rates, and some patients survived long-term after repeated resection, without recurrences or decompensation. Multiple studies[17,56,57] over the past decade support an aggressive approach for postoperative follow-up evaluation, and re-resection of recurrent tumors (either intrahepatic or extrahepatic lesions) remains the best treatment option to prolong patient survival and may also provide a chance for cure (Figure 2). Early detection of recurrent tumors is important. Continued imaging follow-up using contrast-enhanced CT or MR imaging is therefore necessary in the first two years after resection to detect recurrences. Gd-EOB-DTPA-enhanced MR imaging with hepatobiliary phase is especially useful for follow-up after HCC resection with respect to the assessment of new small lesions. For patients with high-risk of HCC recurrences (e.g., patients with macroscopic vascular invasion, multiple tumors, and positive resection margins), closer follow-up may have detected the recurrent tumors before they were no longer resection candidates.

Salvage liver transplantation is an evolving strategy to improve treatment results in patients with HCC and well-compensated cirrhosis. For patients with HCC who are within the Milan criteria and have cirrhosis, liver transplantation is the treatment of choice and shows favorable survival rates and low tumor recurrence rates[58]. However, due to the limited availability of donor livers and the prolonged waiting times, many patients were dropped out from the waiting lists as a result of tumor progression[59]. Recently, a strategy has been suggested for salvage transplantation using liver resection as the primary treatment for patients, followed by transplantation in the event of HCC recurrence or liver failure[60]. In 2008, Del Gaudio et al[61] from the University of Bologna presented their experience with the strategy of liver resection followed by salvage transplantation. They treated 227 cirrhotic patients with HCC who were transplant candidates, by performing 80 liver resections and 147 liver transplantations of 293 patients listed for transplantation. Among the 80 HCC patients eligible for transplantation undergoing liver resection, 39 (49%) developed HCC recurrences and 31% of them presented tumor recurrences outside the Milan criteria. Ten of the 39 patients underwent liver transplantation. The median time in this series between primary liver resection and secondary liver transplantation for HCC recurrence was 2.1 years. Comparable 5-year overall (62% vs 73%) survival rates were obtained for salvage liver transplantation and primary liver transplantation for HCC. The study concluded that liver transplantation after liver resection is safe and feasible with minimal operative mortality, similar operative morbidity, no increase risk of recurrence and similar long-term outcomes compared to primary liver transplantation. A recent meta-analysis[62] showed no statistically significant differences in the overall survival rates of salvage liver transplantation and primary liver transplantation. The main weak point of the idea of salvage transplantation is that the reported salvage transplantation rates have been low, ranging from 16.2% to 25%[63,64]. To solve this problem, careful follow-up with close image monitoring after liver resection is necessary in order to increase salvage liver transplantation rates, and bridge liver transplantation has subsequently been proposed[65]. With this strategy, HCC patients that had undergone liver resection with pathological parameters at higher risk of recurrence (i.e., microvascular invasion, satellite nodules or additional nodules) enter the waiting list for liver transplantation directly without waiting for evidence of HCC liver recurrence. Whether this policy is clinically effective and could further improve the long-term outcomes of resected patients remained to be elucidated in the future.

Adjuvant Therapy

The aim of adjuvant therapy is to decrease the incidence or delay tumor recurrences, or to prevent new tumor formation in the liver remnant after hepatic resection. Many efforts to reduce recurrence risk after HCC resection have been made, including transarterial chemoembolization[66,67], systemic and loco-regional chemotherapy[68,69], I-131-lipiodol transarterial infusion[70], and immunotherapy[71]. Studies[72,73] evaluating the effects of adjuvant therapy on the prevention of postresectional HCC recurrences have shown divergent results, most of them have failed to achieve a significant survival benefit. In some studies, the overall survival at 5 years was even worse in the treatment arm[68,69]. At present, the role of adjuvant therapy after hepatic resection for HCC patients has not been well established. Because there is no definite effective adjuvant therapy for HCC patients, most centers only performing follow-up after hepatic resection. Recently, some light has been shed on this topic and a few encouraging reports have appeared. New treatment strategies and new effective drugs for the treatment of HCC are currently under active investigation as adjuvant therapy after curative resection for HCC. Prospective randomized controlled trials are underway to confirm the efficacy of the adjuvant protocols. 

Search for innovative adjuvant therapies: HCC micrometastases as the main target of treatment

Hepatocellular carcinoma is a complex and heterogeneous disease with potentially diverse oncologic results after treatment. Adjuvant therapy after liver resection is particularly challenging because both factors, malignancy and underlying chronic liver disease, must be simultaneously considered[74]. Improved understanding of the biologic behavior of HCC and the development of suitable treatment strategies in well-selected subgroups of patients is the key to improve results of adjuvant therapy in this difficult disease.

In HCC, tumor vascular invasion is an important biological phenomenon[75,76]. Tumor vascular invasion can be either macroscopic with microscopic or microscopic alone. Macroscopic vascular invasion is a well-established negative prognostic factor in HCC. In patients with resectable HCC, the presence of macroscopic tumor thrombus in portal veins indicates a poor prognosis[14,77,78]. When patients with HCC undergo liver transplantation, those with macroscopic or large-vessel tumor invasion invariably suffer tumor recurrence[79]. The role of microscopic vascular invasion, a relatively early-stage event of HCC vascular invasion, has been systematically evaluated[76]. Among 322 patients undergoing curative resection for HCC, 50 (15%) had macroscopic vascular invasion and 190 (59%) had microscopic invasion. Of 37 patients with tumor sizes of less than 2 cm, 15 (40.5%) had microscopic vascular invasion. The frequency of invasion increased with tumor size (Figure 3). Microscopic vascular invasion is an independent predictor of postresectional tumor recurrence and survival. Presence of microscopic vascular invasion is a common phenomenon in patients with resectable HCC. While macroscopic vascular invasion can be easily detected at imaging, microscopic vascular invasion is impossible to visualize before operation. Presence of microvascular invasion can only be confirmed by histological examination of resected specimen[37].

After HCC resection, the hepatic remnant is the most common site of tumor recurrence and is involved at diagnosis in 68%-91% of patients[47,80,81]. Because tumor vascular invasion is the most important factor related with recurrence after resection, a strategy of intraportal infusion chemotherapy was adopted to improve HCC patient postresectional outcomes. In 2006 the author reported a pilot study[82] of improved overall and disease-free survival for HCC patients with TNM stage Ⅰ and stage Ⅱ disease (based on the American Joint Committee on Cancer TNM staging system) after adjuvant intraportal infusional chemotherapy (IPIC). After hepatic resection, 28 HCC patients (IPIC group) underwent postresectional intraportal infusion of 5-fluorouracil (650 mg/m2), leukovorin (45 mg/m2), doxorubicin (10 mg/m2), and cisplatin (20 mg/m2) for 2 d. Treatment was repeated every 3 wk for 6 cycles. Patient outcomes were compared with those of 66 matched HCC patients (control group) who underwent hepatectomy without adjuvant therapy. The IPIC group patients received an average of 5.2 cycles of chemotherapy, starting 5-24 d after surgery. Five-year disease-free and overall survival rates for the IPIC group were 44.6% and 60.7%, respectively. Subgroup analysis of patients with stage Ⅰ and Ⅱ disease, showed that patients who received IPIC had a significantly lower recurrence risk, improved disease-free and overall survival rates compared with patients who received no adjuvant therapy. Patients with stage Ⅲ disease did not benefit from IPIC. In the study, early intraportal chemotherapy after hepatic resection was not associated with a morbidity of severe hepatic dysfunction or hepatitis virus reactivation; this was because of the lower drug dosages used in this regimen compared with those used in systemic chemotherapy for patients with advanced HCC, because most of the patients had a good liver function reserve, and because therapy was given as a continuous infusion. Another interesting finding is that IPIC is effective only in patients with relatively early stage diseases (tumor-node-metastasis stage Ⅰ or Ⅱ disease). These results may be explained by the following hypothesis: In the study intraportal chemotherapy is designed to achieve high drug concentrations in portal venules. This treatment modality is expected to be most effective in eradicating residual microscopic disease in the liver remnant after HCC resection. It is likely that the clinical benefit of IPIC treatment limited to a subgroup of patients with relatively early-stage HCC, and this may explain findings that adjuvant IPIC improved survival for the patients with tumor-node-metastasis stage Ⅰ and Ⅱ disease. In patients with stage Ⅲ disease, there is a high probability of postresectional residual disease due to intrahepatic and/or extrahepatic tumor metastases not detected by preoperative imagings. Intraportal infusional chemotherapy is difficult to achieve favorable effect on the complete eradication of residual disease in these patients[82].
When designing studies of postoperative adjuvant therapy aiming at preventing tumor recurrence in HCC patients, the distinction between recurrent disease after a curative operation, and residual disease after a palliative resection is crucial. In early stage HCCs, recurrent disease after a curative resection is most likely due to preoperative and intraoperative tumor micrometastases due to presence of microscopic vascular invasion. Given the fact that most chemotherapeutic agents for HCC exert modest efficacy in anticancer effect, and that appropriate dosing is critical to avoid drug-induced liver dysfunction, the target of adjuvant treatment in HCC patients should focus on the remaining micrometastases after a curative resection, which theoretically can be more easily eradicated with an early and low dose adjuvant protocol. In patients with advanced HCC, recurrence in the early postoperative period (i.e., within the first 3 mo) was frequently observed[83,84], presumably due to rapid progression of residual disease following a de facto incomplete resection. Tumor recurrence in the initiation period of adjuvant therapy results in early discontinuation of study drug treatment, and will preclude the observation of any potential benefit from the treatment protocol.

Emerging adjuvant therapies for HCC after liver resection

Novel targeted agents or anti-angiogenesis agents have recently been employed in the treatment of advanced HCC[85]. With its low liver toxicity, these agents have opened the way for possible long-term maintenance therapy for patients after HCC resection. Presently two randomized controlled adjuvant trials in patients with higher risks are undergoing. Sorafenib, a small-molecule multi-tyrosine-kinase inhibitor that impedes tumor growth and angiogenesis, has been shown to extend survival in patients with advanced HCC[86]. Efficacy of use of sorafenib as adjuvant setting for HCC patients is now under studied in a phase Ⅲ randomized, double-blind placebo-controlled study. In this largest trial of adjuvant therapy for HCC, 1114 patients were randomized to receive either sorafenib treatment or placebo after curative resection or ablation (STORM trial: http://clinicaltrials.gov.com, NCT00692770). Primary endpoint of the trial is recurrence-free survival. The study initiated in August 2008. Final data collection for primary outcome measure is estimated by May 2014. The key selection criteria[87] for patient enrollment in the STORM trial include: (1) patient liver function must be Child-Pugh score 5-7 points. A Child-Pugh score of 7 points is allowed only in the absence of ascites; (2) no demonstrable residual tumors on the eligibility CT or MRI scan by independent radiological review conducted 3-7 wk after surgery, to ensure absence of residual disease before initiation of adjuvant treatment; (3) an Eastern Cooperative Oncology Group performance of 0; (4) for surgical resection, tumor(s) must be single lesion or 2-3 lesions, each ≤ 3 cm. Patients with single lesions < 2 cm without microscopic vascular invasion, or patients with tumor macroscopic vascular invasion was excluded; and (5) patients must be able to initiate adjuvant therapy within 6-12 wk after hepatectomy. It is conceivable that for the STORM trial the main targets of adjuvant treatment are tumor micrometastases due to presence of microscopic vascular invasion after a potentially curative resection.

In another clinical trial, 500 HCC patients are tested using PI-88 for adjuvant therapy after curative resection. PI-88 is a heparanase inhibitor which has shown to exert anti-angiogenic and anti-metastatic effects[88]. A phase Ⅱ study showed the preliminary efficacy of PI-88 as an adjuvant therapy for patients after curative resection for HCC[89]. A prospective, randomized, double-blind, placebo controlled, phase Ⅲ trial of PI-88 in the adjuvant treatment of subjects with hepatitis virus related HCC after surgical resection (PATRON trial)(ClinicalTrials.gov Identifier: NCT01402908) is now underway. In this study, only patients with either HBV-related and/or HCV-related HCC were enrolled, to avoid the heterogeneity of study patients with different etiologies for chronic liver disease and associated HCC. The primary endpoint of the study is disease-free survival. The study initiated in August 2011 and the estimated study completion date is December 2015.

Hopefully answers to the questions of the role and the feasibility of adjuvant therapy after HCC resection will be revealed when the results of these ongoing trials become available.

Anti-viral treatment

Another challenge in HBV-related HCC patients undergoing hepatic resection is the underlying hepatitis B infection. For patients with chronic HBV infection, antiviral therapy, both interferon and nucleoside/nucleotide analogs, have been shown to decrease the incidence of HCC[90,91]. Recently, accumulating evidence has shown that recurrence of HBV-related HCC is associated with high viral load at the time of resection[92,93]. In our institution a retrospective study[94] of 193 patients who underwent surgical resection for HBV-related HCC showed that 69% had HCC recurrences after a median follow-up of 58 mo; 71% of the recurrences occurred within the first 2 years after resection. Multivariate analysis showed that serum HBV DNA greater than 106 copies/mL is independently associated with tumor recurrences. Liver resection could reactivate HBV replication, especially in patients who did not receive any antiviral therapy[95]. In a retrospective analysis of 42 patients, Chan et al[96] showed that posthepatectomy antiviral treatment improved the prognosis of HBV-related HCC. In this study survival benefit was observed only in patients with early-stage tumors (TNM stages Ⅰ and Ⅱ tumors or HCCs without major vascular invasion). In a study reported by Wu et al[97] in 2012, using data from the Taiwan National Health Insurance Research Database, the authors identified 4569 HCC patients who received curative liver resections between 2003 and 2010 (including 518 patients from the treated cohort who had received an HBV nucleoside analogue-lamivudine, entecavir, or telbivudine-for at least 90 d, and 4051 patients from the untreated cohort).The authors found that 21% in the treated cohort and 44% in the untreated cohort had HCC recurrences. Overall mortality was lower in the treated cohort, with a 6-year cumulative mortality of 29% vs 42% in the untreated cohort. The results of this study seem to support the strategy of using antiviral treatment with nucleotide or nucleoside analogues in HBV-related HCC patients to decrease tumor recurrences after surgical resection. However, up to now, no single large randomized trial proved the benefit of antiviral treatment using nucleoside analogs as adjuvant therapy after curative treatment of HBV-related HCC. Clinical evidence is still not definite enough to answer the question of whether antiviral therapy after curative resection of hepatitis B-related HCC will prevent disease recurrences. Firstly, the study by Wu et al[97]. had some limitations concerning the details of study information. The authors failed to indicate that whether patient and tumor baseline characteristics (including tumor staging, liver function, performance status, and surgical performance), were comparable in the treated and untreated cohorts. These factors are critical to understand the contribution of antiviral treatment in predicting better patient outcomes, without confounding preselection of the untreated cohort based on different patient or tumor background characteristics. Secondly, the adjuvant therapy effects of antiviral treatment depend on preventing de novo primary tumors in the liver and on the progression of liver disease. Obviously administration of antiviral therapy after HCC surgery cannot prevent intrahepatic early recurrences, or recurrence outside of the liver, which account for at least 70% and 10% of HCC recurrences after resection, respectively[17,81]. Thirdly, the development of viral resistance to antiviral drugs may be a concern that should be avoided, particularly in subjects with potentially cured HCC[21]. Further studies including prospective, randomized controlled trials are necessary to establish the role for postoperative antiviral treatment in HBV-related HCC patients after surgical resection.

CONCLUSION

Hepatectomy is the best therapeutic choice for HBV-related HCC patients. Clinicians are searching for practical ways to improve patient outcome after resection. Evolving strategies and emerging therapies, including a policy of accurate preoperative staging, adequate resection, intensive follow-up, and early initiation of effective adjuvant therapy will continue to develop in the future.
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Figure Legends
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Figure 1  Sixty-nine-year-old female with cirrhosis who underwent liver resection for hepatocellular carcinoma. A: Gd-EOB-DTPA-enhanced axial MR imaging show hypodense lesions in hepatobiliary phase in segment 7 (arrow) (tumor 1); B: segment 8 (arrow) (tumor 2); C: segment 6 (arrow) (tumor 3); D: Pathologic specimens of tumor 1 (arrow); E: Tumor 2 (arrow); F: tumor 3 (arrow); G: Histology examination confirmed the diagnosis of Edmondson-Steiner grade Ⅱ hepatocellular carcinoma (HCC) in tumor 1; H: tumor 2; I: grade Ⅰ HCC in tumor 3 (HE stain, x 100).
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Figure 2  eighteen-year-old male with hepatitis B virus-related hepatocellular carcinoma. A: Computed tomography shows a 15 cm size tumor occupying nearly the entire right lobe and extending into the segment Ⅳ (arrow); B: Liver extended right lobectomy was done with partial resection of right side diaphragm (arrow); C: Tumor recurrence over liver lateral segment 3 year after resection (arrow); D: Re-resection was performed. Patient remained recurrence-free 16 year after re-resection.
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Figure 3  Frequency of microscopic and macroscopic vascular invasion in 322 patients with hepatocellular carcinoma stratified according to tumor size. (From Tsai et al[76]).
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