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Objective

The role of stereotactic body radiation therapy (SBRT) for treating small hepatocellular carcinoma (sHCC) has gained increasing recognition. However, the prognosis and risk factors for recurrence in patients with sHCC remain unclear. This study investigated the risk factors for the recurrence of hepatitis B virus (HBV)-related sHCC after SBRT.



Methods

A total of 240 HBV-related sHCC patients treated with SBRT between March 2011 and March 2020 were retrospectively analyzed. The cumulative probability of recurrence was calculated according to the Kaplan–Meier method. Univariate and multivariate analyses were performed with Cox proportional hazard models.



Results

Recurrent hepatocellular carcinoma developed in 134 (55.8%) patients at a median time of 27 months after SBRT. The one- and two-year rates of recurrence were 20.9 and 45.0%, respectively. The median follow-up time was 30 months. The Cox multivariate analysis indicated that age (P = 0.029, HR [1.019, 1.002–1.037]), tumor size (P = 0.012, HR [1.227, 1.045–1.440]), and aspartate aminotransferase-to-platelet ratio index (APRI) (P = 0.005, HR [1.911, 1.221–2.989]) were independent risk factors for recurrence.



Conclusion

Patients receiving SBRT for HBV-related sHCC may be at greater risk of recurrence if they have a high APRI score combined with advanced age and large tumor size.
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1 Introduction

Primary liver cancer is the sixth most common cancer in the world and the third leading cause of cancer death (1). Hepatocellular carcinoma (HCC) is the dominant type of primary liver cancer, and hepatitis B virus (HBV) infection plays a crucial role in the development of HCC in Asia. In the past, radiation therapy was commonly used to treat advanced HCC. For the treatment of small hepatocellular carcinoma (sHCC), liver resection has been recommended as the first-line treatment according to the European Association for the Study of the Liver (EASL) and the American Association for the Study of Liver Diseases (AASLD) (2, 3). Radiofrequency ablation (RFA) can serve as an alternative option for sHCC patients who are ineligible for surgery because of cirrhosis-related portal hypertension. However, the location of the tumor (e.g., close to large vessels and the bile duct) may increase the risk of complications or may result in failure to completely eradicate the tumor with RFA. Advances in radiation therapy, particularly stereotactic body radiation therapy (SBRT), have allowed the enhanced delivery of large ablative doses of radiotherapy to the tumor while sparing surrounding critical tissue. SBRT is increasingly recognized as a valuable treatment for sHCC, and the survival benefits of SBRT in the treatment of sHCC can be similar to those of liver resection or RFA (4–8). Previous studies demonstrated that SBRT might be beneficial for HBV-related sHCC patients who are unfit for surgery and provide a comparable prognosis to surgery (4). Some studies have shown that SBRT achieves a therapeutic effect similar to that of RFA. SBRT is recommended as a category 2B treatment for patients with HCC (9). Unfortunately, understanding of the risk factors for recurrence in patients with sHCC after SBRT remains limited. Researchers have evaluated recurrence as well as risk factors for the recurrence of sHCC after SBRT treatment, but the results may be influenced by the number of tumors (not a single lesion), the treatment received (such as surgery), the different causes of sHCC (such as HCV), and the size of the tumor (>5 cm) (10–12). This study aimed to identify risk factors for recurrence in patients with HBV-related sHCC after SBRT.



2 Materials and Methods


2.1 Study Population

This study included 240 patients with HBV-related sHCC admitted to the Fifth Medical Center of PLA General Hospital between March 2011 and March 2020. The inclusion criteria were as follows: (1) a diagnosis of HCC based on the pathology of liver biopsy, image examination, or biomarkers of HCC such as alpha-fetoprotein (AFP); (2) a single nodule ≤5 cm and without vascular infiltration or lymph node or extrahepatic metastases (13); (3)no history of transhepatic arterial chemotherapy and embolization (TACE), RFA, or other therapies before receiving SBRT; (4) with HBV infection (treated with entecavir or tenofovir) and no other causes of HCC, such as HCV infection or aflatoxin; (5) classified as Child–Pugh Class A or B (CP-A or CP-B) and an Eastern Cooperative Oncology Group performance status (ECOG PS) score of 0 to 1; (6) residual liver volume of at least 700 ccs and distances between the lesion and normal organs (stomach, duodenum, colon, and bowel) greater than 3 mm (patients whose tumors were close to the stomach and/or duodenum underwent endoscopy examination to exclude ulcers); (7) diagnosis of with liver cirrhosis or noncirrhosis based on clinical manifestations, image examination (ultrasound, transient elastography, CT, or MRI), esophageal gastric varices in gastroscopy, thrombocytopenia, etc.; and (8) diagnosis of portal hypertension (PHT) or non-PHT by presence of significant splenomegaly, imaging findings of umbilical vein recanalization and/or portal system shunt, and a preoperative platelet count <100 (14, 15). The flowchart is shown in Figure 1.




Figure 1 | Flowchart of patients and study design.



A standardized data form was created to collect all the relevant clinical information. The form contained the following sections: (1) demographic and clinical characteristics of the patients (including age, sex, cirrhosis, family history of HCC, duration of HBV infection, and time and plan for HBV treatment); (2) laboratory test results, including HBV surface antigen (HBsAg), HBV-DNA, alpha-fetoprotein (AFP), platelets (normal range of 100–300 ∗ 109/L), alanine aminotransferase (ALT, the normal range of 9–50 IU/L), aspartate aminotransferase (AST, the normal range of 15–40 IU/L), albumin (ALB, the normal range of 40–55g/L), total bilirubin (TBIL, the normal range of 2–20 umol/L), albumin-bilirubin (ALBI) grade, Child–Pugh class, and APRI (<2 or ≥2) (16), which was calculated using the following formula: [AST(IU/L)/upper limit normal]/PLT(×109/L) × 100; (3) tumor characteristics, including tumor size, location, and Barcelona Clinic Liver Cancer (BCLC) stage 0-A; and (4) total dose of SBRT and follow up. This retrospective cohort study was approved by the Institutional Review Board of Beijing 302 Hospital and was conducted in accordance with the Declaration of Helsinki and internationally accepted ethical guidelines.



2.2 Radiation Treatment Planning

All the enrolled patients were implanted with 4 to 6 fiducial markers one week before SBRT treatment (CyberKnife, Accuray, USA). The distance between the markers and the lesion was less than 6 cm. The radiation oncologists contoured the gross tumor volume (GTV), planning target volume (PTV), and organs at risk (normal liver, kidneys, esophagus, stomach, duodenum, bowel, gallbladder, common bile duct, and spinal cord). GTV was defined as a visible lesion on imaging examination. The PTV was expanded to 3–5 mm around the GTV, and it contoured 100% of the GTV and avoided the organs at risk. All the plans were designed using G4 CyberKnife Multiplan (Version 4.0.2) and VSI CyberKnife MultiPlan (Version 4.6.1). Normal tissue tolerance doses complied with the AAPM TG-101 report (17). A total dose of 48–54 Gy was delivered over 5–8 fractions. The biological effective doses (BED10) were 83.3 to 102.6 Gy. Dynamic respiration tracking and fiducial tracking were simultaneously used during the treatment. The normal liver volume (NLV) was equal to the total liver volume minus the GTV, and the NLV was required to be greater than or equal to 800 cm3.



2.3 Follow-Up

Follow-up visits were performed every 3–4 months, and laboratory tests, including complete blood count (CBC), liver function tests, coagulation function, AFP, and imaging (CT or MRI) of the liver and other organs, such as the lungs and bones, were performed. The endpoint was the first recurrence of HCC, which was defined as an intrahepatic recurrence, metastasis, or any progression of HCC after receiving SBRT. Local recurrence was calculated from the date of SBRT to the date of treated-lesion recurrence or progression. Intrahepatic recurrence was calculated from the date of SBRT to the date of intrahepatic recurrence or progression. Based on the imaging examination and HCC biomarkers, a group composed of clinicians and radiologists assessed the recurrence of HCC. The imaging examination was evaluated independently by two faculty radiologists with more than six years of experience. Disagreements were resolved by a third radiologist with over 10 years of experience.

Tumor response was evaluated as described in the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 (18) and Modified Response Evaluation Criteria in Solid Tumors (mRECIST) (19) after the completion of SBRT.



2.4 Statistical Analysis

By using the Shapiro test, we determined whether values were within a normal distribution, and the results are presented as the mean ± standard deviation or median (interquartile ranges [IQRs]). We presented the recurrence rate as a ratio (95% confidence interval [95% CI]). Actuarial recurrence rates were determined, and survival curves were constructed based on the Kaplan–Meier method. These data were compared with the log-rank test. To identify potential prognostic factors for recurrence, univariate and multivariate Cox proportional hazards regression model analyses were performed. R software was used for statistical analyses with the “survival” and “survminer” packages (http://www.r-project.org). A P-value of <0.05 was considered statistically significant.




3 Results


3.1 Patient Characteristics

The clinical characteristics of 240 patients with HBV-related sHCC are summarized in Table 1. The average age of the patients was 54 years, 180 patients were men, and 227 patients had cirrhosis. Most patients had Child–Pugh A (91.3%) and BCLC Stage A (93.7%). Almost all the patients (99.2%) tested positive for HBsAg. A total of 40.4% of patients had received antiviral treatment.


Table 1 | Baseline characteristics of the patients.





3.2 Tumor Response and Local Control

As summarized in Table 2, when we evaluated the tumor response according to RECIST 1.1, the overall response was observed in 223 of 240 patients (92.9%) after three months of SBRT. A total of 114 (47.5%) and 109 (45.4%) patients achieved complete response (CR) and partial response (PR), respectively. Stable disease (SD) was observed in 11 patients (4.6%), and progressive disease (PD) was observed in 6 patients (2.5%). However, when we evaluated the tumor response according to mRECIST, an overall response was observed in 236 of 240 patients (93.3%) after three months of SBRT. A total of 152 (63.4%) and 84 (35.0%) patients achieved complete response (CR) and partial response (PR), respectively. Stable disease (SD) was observed in only 2 patients (0.8%), and progressive disease (PD) was also observed at the same rate as SD. The one- and two-year local control rates were 93.3% (95% CI: 90.2–96.5%) and 84.4% (95% CI: 79.7–89.4%), respectively. The median local control time was 31 months. The curve of the local control rate is shown in Figure 2.


Table 2 | Tumor Response at three months after SBRT.






Figure 2 | Curve of the local control rate of 240 HBV-related sHCC patients after SBRT. HBV, hepatitis B virus; sHCC, small hepatocellular carcinoma; SBRT, stereotactic body radiation therapy.





3.3 Follow-Up and Recurrence

The median follow-up time was 30 months. After SBRT, 134 patients experienced HCC recurrence, and the median time to recurrence was 27 months. The actuarial rates of overall recurrence were 20.9% (95% CI: 15.6–25.9%) and 45.0% (95% CI: 37.9–51.2%) at one and two years, respectively. A total of 127 patients experienced intrahepatic recurrence and 7 patients experienced extrahepatic metastasis. The one- and two-year intrahepatic recurrence rates were 19.6% (95% CI: 14.4–24.5%) and 43.4% (95% CI: 36.4–49.6%), respectively. The median time to intrahepatic recurrence was 31 months. Forty-six patients experienced local recurrence. The local recurrence rates were 6.7% (95% CI: 3.5–9.8%) and 15.6% (95% CI: 10.6–20.3%) at one and two years, respectively. The median time to local recurrence was 31 months. The overall recurrence rate and intrahepatic nonrecurrence rate curves are shown in Figure 3.




Figure 3 | Curves of recurrence rate and intrahepatic nonrecurrence rate of 240 HBV-related sHCC patients after SBRT. (A) Curve of recurrence rate of 240 HBV-related sHCC patients. (B) Curve of intrahepatic nonrecurrence of 240 HBV-related sHCC patients. HBV, hepatitis B virus; sHCC, small hepatocellular carcinoma; SBRT, stereotactic body radiation therapy.





3.4 Univariate and Multivariate Analysis of Risk Factors for Recurrence

According to univariate Cox regression analysis, age, tumor size, and APRI score were all correlated with recurrence, and we chose the variables for multivariate analysis based on the P <0.05 cutoff value. In both univariate and multivariate Cox regression analyses, older age (p = 0.029, HR = 1.019 [1.002–1.037]), larger tumor size (P = 0.012, HR = 1.227 [1.045–1.440]) and APRI ≥2 (P = 0.005, HR = 1.911 [1.221–2.989]) were all associated with recurrence in patients with HBV-related sHCC after SBRT (Table 3).


Table 3 | Risk factors for Recurrence: Univariate and multivariate Cox regression analyses.





3.5 Recurrence of Patients With Different APRI Scores

APRI was an independent risk factor for recurrence in HBV-related sHCC patients after SBRT. The overall recurrence rates between the two groups differed significantly; the one- and two-year recurrence rates were 19.5% (95% CI: 13.9–24.7%) and 41.2% (95% CI: 33.7–47.7%), respectively, in patients with an APRI <2, while the one- and two-year recurrence rates were 31.0% (95% CI: 12.0–46.0%) and 29.1% (95% CI: 47.5–83.9%), respectively, in patients with an APRI ≥2 (P = 0.0014). Figure 4 shows the recurrence rate curve for patients with different APRI scores. Due to the high rate of cirrhosis in the recurrence and nonrecurrence groups of our study (all over 90%), we plotted the recurrence curve for patients diagnosed with cirrhosis (n = 227) with different APRI scores (Figure 5). There was also a significant difference in the recurrence rates between the two groups. The one- and two-year recurrence rates were 19.8% (95% CI: 14.0–25.1%) and 41.9% (95% CI: 34.1–48.7%), respectively, in patients with an APRI <2, while the one- and two-year recurrence rates were 31.0% (95% CI: 12.0–46.0%) and 29.1% (95% CI: 47.5–83.9%), respectively, in patients with an APRI ≥2 (P = 0.0018).




Figure 4 | Curve of the recurrence rate of 240 HBV-related sHCC patients with an APRI <2 and an APRI ≥2. HBV, hepatitis B virus; sHCC, small hepatocellular carcinoma; APRI, aspartate aminotransferase-to-platelet ratio index.






Figure 5 | Curve of the recurrence rate of 227 HBV-related sHCC patients with cirrhosis with an APRI <2 and an APRI ≥2. HBV, hepatitis B virus; sHCC, small hepatocellular carcinoma; APRI, aspartate aminotransferase-to-platelet ratio index.






4 Discussion

In this study of patients with sHCC, SBRT was associated with a high tumor response rate (92.9% by RECIST 1.1 and 98.3% by mRECIST at three months) and local control rate (93.3 and 84.3% at one and two years). These results show the clinical benefits of using SBRT for treating sHCC and are similar to those reported in a previous study (20). Our analysis demonstrates that older age, larger tumor diameter, and a higher APRI score are risk factors for recurrence.

Multiple retrospective studies have explored the prognosis and risk factors for recurrence in HCC patients after SBRT. However, the inclusion criteria in these studies varied, with some trials including patients with portal vein tumor thrombus (11) and others including patients who had experienced a relapse or received other prior treatments (12, 21–23). Moreover, patients with various tumor sizes and numbers were included (8, 22). There are multiple causes of HCC (8, 23). Thus, it was difficult to draw a consistent conclusion regarding the risk factors for recurrence among sHCC patients who were treated with SBRT. Therefore, we designed the current trial to include patients with HBV-related sHCC with no history of treatment before SBRT.

Age is a well-known risk factor for HCC recurrence and was a significant risk factor in our study. As age increases, the rate of the tumor spread and recurrence increases. Previous studies have shown that tumor size is a risk factor and predictor of sHCC recurrence and prognosis in sHCC patients treated with SBRT. However, there is no specific cutoff value for tumor size (11, 24). It is worth noting that in this study, larger tumor size was also a risk factor for recurrence, but when we divided patients into <2 cm and 2–5 cm groups based on tumor size and assessed the relationship of tumor size with tumor recurrence, the Cox univariate analysis showed significant differences between the recurrence and nonrecurrence groups, but the multivariate analysis did not. Accordingly, larger tumor size has also been associated with a poor prognosis in previous studies, but the specific tumor size threshold still needs further exploration and analysis.

This study supports the findings of other studies that indicate that the APRI is independently associated with poor survival among HCC patients (25, 26). Hung et al. reported that the APRI was a reliable marker for assessing and predicting HCC recurrence rates (25). Shen et al. showed that the APRI was associated with the prognosis of patients with solitary HBV-related sHCC (26). The results of previous studies were predominantly based on patients with HBV-related sHCC who were treated with liver resection. Our study suggests that the APRI is also an independent predictor of recurrence risk among HBV-related sHCC patients who received SBRT. The analysis of the recurrence rate revealed a significant difference in the risk of recurrence between patients with an APRI <2 and those with an APRI ≥2. Obtaining patient APRI scores is inexpensive and easy, requiring only routine biochemical tests performed before treatment without additional blood draws. A higher APRI score suggests the existence of liver fibrosis and liver cirrhosis (16, 27) in chronic hepatitis B patients and is associated with liver cirrhosis in patients with hepatocellular carcinoma (28). Liver cirrhosis has been considered as a predictor of the occurrence and recurrence of sHCC (29). However, cirrhosis was not a significant risk factor in univariable and multivariable analyses in our study. This finding may be related to the high proportion of cirrhosis in both our recurrence (95.5%) and nonrecurrence (93.4%) groups. Therefore, we selected patients who were enrolled in this study and had cirrhosis, and we performed a survival analysis of the recurrence rates between the groups with different APRI scores. The results still suggested a significant difference in recurrence between patients with an APRI <2 and those with an APRI ≥2. This phenomenon may indicate that even in patients with liver cirrhosis, different APRI scores reflect different degrees of cirrhosis. An elevated APRI would require the serum AST level to be increased, with a relatively lower platelet count. There are many reasons for increases in the AST level, such as damage due to cirrhosis and the release of AST from injured mitochondria with impaired clearance of HBV. In our study, the median AST level was higher in our recurrence group, reflecting a greater degree of underlying liver cirrhosis, liver regeneration, and restoration of function after SBRT. Another unique characteristic of the APRI is that this score includes the platelet count. In our study, the level of platelets was lower and the number of patients diagnosed with PHT was higher in the recurrence group than in the nonrecurrence group. Reduced platelet counts may be a result of liver cirrhosis and portal hypertension. Platelet count was identified as a prognostic factor for predicting HCC recurrence after resection and the existence of microvascular invasion, which was associated with HCC recurrence in previous studies (30, 31). However, AST level, platelet count, and other well-known risk factors for predicting prognosis, such as Child–Pugh grade, were not significant risk factors for recurrence in our analysis because most of the enrolled patients were diagnosed with BCLC A and Child–Pugh A stage tumors. As a result, there were no apparent differences between these factors in our analysis. Thus, we need to study additional sHCC patients who were treated with SBRT to explore more effective indicators such as the APRI instead of simply using the platelet count or AST level to predict the recurrence.

In addition to age, tumor size, and APRI score, more clinical studies with larger sample sizes may be needed to further explore factors that influence the recurrence of HBV-related sHCC. Previous studies have shown that a higher BED10 (≥100 Gy) may improve prognosis and reduce recurrence in patients with HCC after SBRT (32, 33). A higher BED10 may improve local control and therapeutic efficacy, but it can also cause an increased risk of liver damage after treatment. Since most patients included in this study had a history of cirrhosis and were prone to adverse reactions, such as radiation-induced liver damage, the BED10 range of patients enrolled in this study was 83.3–102.6 Gy. More studies may be needed to explore more appropriate doses of BED to achieve a balance between therapeutic efficacy and the occurrence of adverse effects.

The advantage of our study is that we included more participants than most previous similar studies, and all the selected patients were screened with more stringent admission criteria (HBV-related sHCC (single lesion ≤5 cm) without any prior treatment before SBRT). Additionally, the study revealed that the APRI, as a feasible and noninvasive indicator, could also determine the recurrence risk of patients with HBV-related sHCC after SBRT treatment and determine the population of HBV-related sHCC patients who are likely to benefit from SBRT. Of course, our study also has certain limitations because it was a single-center retrospective study, and the results of this study are mainly based on the Chinese population.



5 Conclusion

HBV-related sHCC patients who were treated with SBRT may have a higher risk of recurrence if they have a high APRI score, advanced age, and large tumor size.
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