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Background

Therapeutic strategies and good prognostic factors are important for patients with single large hepatocellular carcinoma (HCC). This retrospective study aimed to identify the prognostic factors in patients with single large HCC with good performance status and Child-Pugh A cirrhosis using a large national cancer registry database and to recommend therapeutic strategies.



Methods

Among 12139 HCC patients registered at the Korean Primary Liver Cancer Registry between 2008 and 2015, single large (≥ 5 cm) HCC patients with Eastern Cooperative Oncology Group (ECOG) performance status 0 and Child-Pugh score A were selected.



Results

Overall, 466 patients were analyzed. The 1-,2-,3-, and 5-year survival rates after initial treatment were 84.9%, 71.0%, 60.1%, and 51.6%, respectively, and progression-free survival rates were 43.6%, 33.0%, 29.0%, and 26.8%, respectively. Platelet count < 100 × 109/L (P < 0.001), sodium level < 135 mmol/L (P = 0.002), maximum tumor diameter ≥ 10 cm (P = 0.001), and treatment other than resection (transarterial therapy vs. resection: P < 0.001, others vs. resection: P = 0.002) were significantly associated with poorer overall survival; sodium < 135 mmol/L (P = 0.015), maximum tumor diameter ≥ 10 cm (P < 0.001), and treatment other than resection (transarterial therapy vs. resection: P < 0.001, others vs. resection: P = 0.001) were independently associated with poorer progression-free survival.



Conclusion

Resection as an initial treatment should be considered when possible, even in patients with single large HCC with good performance status and mild cirrhosis. Caution should be exercised in patients with low platelet level (< 100 × 109/L), low serum sodium level (< 135 mmol/L), and maximum tumor diameter ≥ 10 cm.
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Introduction

Surveillance programs for detecting hepatocellular carcinoma (HCC) vary with each country depending on the prevalence of HCC. Since hepatitis B virus is endemic to Korea and Japan, the prevalence of HCC is high. The recommended surveillance programs for HCC detection include liver ultrasonography and monitoring serum alpha-fetoprotein (AFP) levels (1, 2). However, despite surveillance programs, the proportion of diagnosis of large HCC is still substantial (3). When treating HCC, tumor factors including number, size, and aggressiveness, together with underlying liver function and performance status should be considered. Liver resection can be considered as the first-line treatment in patients with single HCC confined to the liver without cirrhosis in cases where the residual liver function is expected to be sufficient even with cirrhosis (4–6). The most recent version of the combined American Joint Committee on Cancer (AJCC)/Union for International Cancer Control (UICC) TNM staging system from 2017 states that patients with multiple tumors, any of which are > 5 cm, are categorized as T3 (7). Previous studies have reported that although the 5-year survival was similar in patients with and without cirrhosis who had single HCC ≤ 5 cm, it was worse in patients with cirrhosis with HCC > 5 cm (8). However, recent studies demonstrated that microvascular invasion was not observed in about one-third of patients with tumor size > 10 cm and positive outcomes were reported after resection in these patients; thus, resection should not be considered based on solely the size of the tumor (3, 9). However, these studies had limitations, such as small sample sizes, lack of comparison groups, and/or selection bias. Moreover, treatment for single large (≥ 5 cm) HCCs is still debated, with limited data available.

This study aimed to identify prognostic factors for single large HCC using a large, nationwide cancer registry database. To focus on the effectiveness of resection and to minimize selection bias, we restricted the cohort to patients with Child-Pugh class A and an Eastern Cooperative Oncology Group (ECOG) PERFORMANCE STATUS OF 0.



Materials and Methods


Patients and Methods

The present study was approved by the Institutional Review Board of the Seoul National University Hospital (IRB No. 2101-088-1189). Due to the retrospective nature of the study, the requirement for patient consent was waived. The study population was obtained from the Korean Primary Liver Cancer Registry (KPLCR), which represents a national, random sample of approximately 15% of patients registered in the Korean Central Cancer Registry (KCCR). Considering that KCCR accounts for more than 95% of all cancer cases in Korea, the KPLCR represents a group of patients with newly diagnosed HCC. The following data were obtained from the KPLCR database: age, sex, height, weight, smoking history, alcohol history, medical history of diabetes and hypertension, underlying liver disease, performance status, Child-Pugh score, Model for End-Stage Liver Disease (MELD) score, laboratory results, including AFP and proteins induced by vitamin K absence-II (PIVKA-II), diagnosis date, tumor number, maximum size, macrovascular invasion, distant metastasis, initial treatment modality and date, secondary treatment modality and date, and survival outcome.

Figure 1 shows the flowchart for the selection of study population. Between 2008 and 2015, 12139 liver tumor patients were registered in the KPLCR from 54 hospitals. The potential cohort included all the patients registered under KPLCR, except those without a follow-up or missing treatment dates. Of these, 1457 patients had single large (≥ 5 cm) HCCs. Patients with distant metastasis or macrovascular invasion were excluded from the study. Furthermore, patients with ECOG performance status other than 0 and Child-Pugh grade other than grade A were also excluded. Finally, 466 patients were included in the study. The duration of survival was measured from the date of initial treatment to the date of death or the last follow-up date. The duration of progression-free survival was measured from the initial treatment date to the second or last follow-up date. The cut-off values of continuous variables were selected considering previous publications.




Figure 1 | Flowsheet of the enrolled patients.





Statistical Analysis

Results are expressed as mean ± standard deviation or median (range) for continuous data and as numbers with percentages for categorical data. Survival and progression-free survival were calculated using the Kaplan-Meier method and compared using the log-rank test. Multivariate Cox proportional hazards regression with backward selection was used to determine the effect of statistically significant variables in the univariate analysis. A P-value of < 0.05 was considered significant. Statistical analysis was performed using the SPSS software (version 25; SPSS Inc., Chicago, IL, USA).




Results


Baseline Characteristics

There were 466 HCC patients with single and large (≥ 5 cm) tumors with Child A, performance status of 0, but without distant metastasis and macrovascular invasion. Table 1 summarizes the demographic characteristics of these patients. The mean age was 61.3 years, and the mean body mass index (BMI) was 24.0 kg/m2. More than half of the patients (56.0%) tested positive for hepatitis B surface antigen. The mean Child-Pugh score was 5.2, whereas all the patients were Child grade A according to the selection criteria of this study. The mean platelet count was 201.9 × 109/L, and the mean total bilirubin level was 0.8 mg/dL. The median serum AFP was 34.6 ng/mL (0.4-200000.0) and median PIVKA-II was 936.0 mAU/mL (5.0- 95926.0). The most common initial treatment modality was resection (52.8%), followed by transarterial therapy, most of which was transarterial chemoembolization (TACE) (43.8%).


Table 1 | Demographic and clinical characteristics of the included patients.





Overall Survival Rates and Progression-Free Survival Rates

Kaplan-Meier analysis showed that the 1-,2-,3-, and 5-year survival rates after initial treatment were 84.9%, 71.0%, 60.1%, and 51.6%, respectively (Figure 2A), and the 1-,2-,3-, and 5-year progression-free survival rates were 43.6%, 33.0%, 29.0%, and 26.8%, respectively (Figure 2B). The 1-,2-,3-, and 5-year survival rates after resection were 92.6%, 81.1%, 73.7%, and 65.6%, and the 1-,2-,3-, and 5-year progression-free survival rates were 62.8%, 50.0%, 45.0%, and 43.2%, respectively.




Figure 2 | Kaplan-Meier analysis of survival using the Korean Primary Liver Cancer Registry database. (A) Overall survival, (B) progression-free survival.





Factors Affecting Overall Survival and Progression-Free Survival (Table 2)

Univariate analysis showed that the Child-Pugh score, MELD score, platelet count, total bilirubin, serum albumin, sodium, maximum tumor diameter, and initial treatment modality were associated with survival rate (Table 2). Among these factors, platelet count < 100 × 109/L (P < 0.001), sodium level < 135 mmol/L (P = 0.002), maximum tumor diameter ≥ 10 cm (P = 0.001), and treatment other than resection (transarterial therapy vs. resection, P < 0.001; others vs. resection, P = 0.002) (Figure 3A) were significantly associated with poorer overall survival.


Table 2 | Univariate and multivariate analyses of factors affecting overall survival and progression-free survival.







Figure 3 | Kaplan-Meier analysis of survival according to initial treatment modality. (A) Overall survival, (B) progression-free survival.



Another univariate analysis identified that hepatitis C virus infection as an underlying liver disease (P = 0.037), Child-Pugh score 6 (P = 0.001), platelet count < 100 × 109/L (P < 0.001), serum albumin < 3.5 g/dL (P = 0.007), sodium level < 135 mmol/L (P < 0.001), PIVKA-II level ≥ 1000 mAU/mL (P = 0.008), maximum tumor diameter ≥ 10 cm (P < 0.001), and initial treatment other than resection (P < 0.001) were associated with poorer progression-free survival after initial treatment. Multivariate analysis revealed that sodium < 135 mmol/L (P = 0.015), maximum tumor diameter ≥ 10 cm (P < 0.001), and treatment other than resection (transarterial therapy vs. resection, P < 0.001; others vs. resection, P = 0.001) (Figure 3B) were independently associated with poorer progression-free survival.




Discussion

Liver resection is widely recognized as the first-line treatment in patients with HCC when feasible, considering patient performance status, remnant liver function, and tumor factors (4–6). According to previous studies, liver resection in Child A patients showed good results, with an average 5-year survival of over 60% and long-term intrahepatic control rates of over 40% (10, 11). The patients in our study had large HCC with performance status 0 and Child A cirrhosis. Among them, 246 (52.8%) patients underwent resection, and showed similar 5-year survival (65.6%) and progression-free survival (43.2%) rates. This is in line with previous studies that demonstrated comparable outcomes in large HCC patients and proposed considering resection not based solely on tumor size (3, 9). Lin et al. reported that Barcelona Clinic Liver Cancer (BCLC) stage B, Child A showed better survival rates in patients who underwent resection than in those who underwent TACE (12). Several other recent studies showed survival benefit of resection for BCLC stage B HCC (13–19). Hwang et al. demonstrated that resection followed by active recurrence treatment improved survival even in patients with HCC ≥ 10 cm (3). Multivariate analysis in our study also showed that resection was associated with significantly better survival and progression-free survival than other treatments, most of which were transarterial therapy.

Although the outcomes of patients with single large (≥ 5 cm) HCC who underwent resection as the initial treatment were comparable with previous reports, multivariate analysis demonstrated that a maximum tumor diameter ≥ 10 cm showed poorer overall survival and progression-free survival than a maximum tumor diameter < 10 cm. A recent study also reported poorer 5-year overall survival and recurrence-free survival in patients with huge HCC (≥ 10 cm) than in patients with HCC < 10 cm and identified tumor size ≥ 10 cm as an independent risk factor of initial extrahepatic recurrence. Although this study does not contain any information on the location or pattern of recurrence, it can be roughly inferred from the second treatment. Out of the 466 patients, 266 (57.1%) underwent a second treatment due to disease progression. Of the 266 patients, more than half underwent transarterial treatment (64.7%) as the second treatment, followed by local ablation (10.5%), chemotherapy (10.2%), resection (9.8%), and radiation (4.9%). Considering the increased proportion of chemotherapy and radiation in the second treatment compared to the initial treatment, disease progression in our study may not be limited to the liver.

Of the 204 patients who underwent transarterial treatment as initial treatment, 22 underwent resection as a secondary treatment. Considering that 13 of the 22 patients underwent resection after transarterial treatment within 2 months, these patients may have been intentionally treated with TACE before surgery. Their overall survival was similar to that of patients who underwent resection as initial treatment (P = 0.430) (Figure 4A), suggesting that resection after transarterial therapy can be another possible therapeutic option for patients with single large HCC with tolerable liver function. This finding was similar to that of other studies that show that resection after TACE may be considered as an effective method in some intermediate-stage HCC patients (20, 21).




Figure 4 | Subgroup Kaplan-Meier analysis of overall survival. (A) Initial resection vs. resection after transarterial therapy, (B) resection vs. transarterial therapy in patients with low platelet count < 100 × 109/L, (C) resection vs. transarterial therapy in patients with low serum sodium < 135 mmol/L.



Two patients underwent liver transplantation (LT) as initial treatment. One patient with a maximum tumor diameter of 8 cm, AFP level of 5.3 ng/mL, and PIVKA-II 500 mAU/mL survived 7.8 years after LT without recurrence until death. Another patient with a maximum tumor diameter of 12 cm, AFP level of 18 ng/mL, and PIVKA-II 19 mAU/mL died 1.2 years after LT without recurrence until death. These patients must have undergone LT as per the Milan criteria based on biologic markers, such as AFP and PIVKA-II (22). However, due to the small number of patients, the efficacy of LT in single large HCC should be further studied using the national LT database.

Several studies have reported the association between preoperative low platelet count and poor prognosis in different kinds of cancer, including HCC (23, 24). Preoperative thrombocytopenia was reported to be associated with overall survival as well as recurrence-free survival in HCC patients (25–28). Although the exact reason for poor outcome in HCC with low platelet count needs to be studied further, one of the possible explanations could be the frequent occurrence of thrombocytopenia in cirrhotic patients with portal hypertension (29–32). Portal hypertension reflects the severity of cirrhosis, which is a well-known risk factor related to late recurrence in patients with HCC. The mechanism of late recurrence can be explained by multicentric recurrence in the remnant liver (31, 32). Regarding surgical resection, liver fibrosis and significant portal hypertension are risk factors for postoperative hepatic decompensation, which is a serious complication after resection (30). According to our study, multivariate analysis revealed that preoperative low platelet counts significantly affected poor overall survival. Although the cohort in the study included only patients with Child A, the low platelet count among these patients still affected poor survival. However, even though a low platelet count was associated with poor progression-free survival in the univariate analysis, it was not statistically significant in the multivariate analysis.

Hyponatremia due to splanchnic vasodilatation, which reduces the effective circulating blood volume, is frequently seen in cirrhotic patients (33–36). Serum sodium levels tend to decrease as liver cirrhosis progresses (34–36). Several studies have previously reported the prognostic role of serum sodium levels in patients with HCC (33, 37). Min et al. reported that sodium levels were an independent risk factor for post-TACE acute hepatic failure (38). Nishikawa et al. analyzed 1170 HCC patients with liver cirrhosis and revealed that serum sodium level was independently associated with overall survival (33). According to their study, 804 patients had Child A cirrhosis and 41 of them (5.1%) had serum sodium levels < 135 mmol/L. In the present study, which included only Child A patients, 24 (5.2%) patients had hyponatremia (< 135 mmol/L). Similar to previous reports, the present study also revealed that serum sodium levels < 135 mmol/L were independently associated with poor overall survival and progression-free survival.

When performing subgroup analysis limited to patients with platelet count < 100 × 109/L, there was no significant difference in survival between resection and transarterial therapy as initial treatment (P = 0.688) (Figure 4B). Another subgroup analysis limited to patients with serum sodium < 135 mmol/L also showed no significant survival difference between resection and transarterial therapy as initial treatment (P = 0.728) (Figure 4C). The survival benefit of resection disappeared when the patients had a low platelet count < 100 × 109/L or serum sodium level < 135 mmol/L.

This study has several limitations that should be considered. First, it was a retrospective study using a national registry database that relied on the completeness of medical records. There are risks of data loss and differences between centers with regard to data recording. However, the patients in the KPLCR were selected from the KCCR using the probability proportional to size method to minimize selection bias, and thus became representative of all Korean HCC patients. Second, in some instances, relevant data, including comorbidities other than smoking, alcohol history, and complications after treatment were missing. Third, the database contains the date of initial treatment and the date of the second treatment, which allowed the calculation of disease progression-free survival. However, recurrence-free survival could not be assessed because second treatment does not entail recurrence. Moreover, data for progression-free survival may be biased since the second treatment date or the date of death as reference for progression can be inappropriate and inaccurate considering the nationwide retrospective nature of this study. Despite these limitations, a notable strength of this study is that it is a large study using a national registry database focused on single large HCC patients with performance status 0 and Child A. There are only few studies with sufficient sample size that have been analyzed in this particular patient group.

The outcomes of single large HCC patients with Child A were satisfactory, which is consistent with the results of previous worldwide studies. Resection should be initially considered whenever possible, and not dismissed based only on tumor size. Patients with low serum sodium levels (< 135 mol/L) and HCCs ≥ 10 cm had a higher risk of poor overall survival and disease progression-free survival.
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